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Abstract 1 
The lesser grain borer, Rhyzopertha dominica, is one of the most important 2 
insect pest species of the Australian wheat industry and is capable of causing 3 
substantial damage to stored wheat. R. dominica is a member of the Bostrichidae 4 
insect family and like many other Bostrichids, has the ability to feed on bark, 5 
branches, twigs and sticks of a range of tree and shrub species. However it is most 6 
commonly associated with stored wheat, where it can undergo rapid increases in 7 
abundance resulting in extensive commodity damage. Whilst the ecology of this 8 
species is well known in the context of stored wheat facilities, the landscape ecology 9 
of R. dominica has until now been largely overlooked. This study aimed to 10 
characterise the landscape ecology of R. dominica throughout south east Queensland. 11 
 12 
Broad scale sampling showed that the Darling Downs region is characterized 13 
by variation in climatic conditions. In addition, the occurrence of agricultural and 14 
non-agricultural land use practices have resulted in a variety of potential resources 15 
available for R. dominica to utilize.  Monitoring population dynamics of R. dominica 16 
has also revealed that dynamics of R. dominica vary among habitats. The two main 17 
factors responsible for influencing the dynamics of R. dominica were shown to be 18 
temperature and habitat resources. The ability of R. dominica to adapt to varying 19 
temperatures and different resources between habitats at the landscape scale allows it 20 
to persist at broad spatial scales, extending beyond stored wheat facilities. 21 
 22 
Preliminary studies of R. dominica dynamics in urban and peri urban habitats 23 
have also revealed that this species is not restricted to Australia’s northern grain 24 
growing region and can be found in habitats where no wheat production or storage 25 
practices take place. The occurrence of R. dominica in residential habitats in the 26 
Brisbane study region is in agreement with the results of the landscape study that 27 
demonstrated that the distribution of insects is primarily influenced by warm 28 
temperatures. Developing an understanding of the different types of possible hosts 29 
for R. dominica to utilise throughout south east Queensland could help to determine 30 
which habitats may be susceptible to R. dominica establishment throughout this area. 31 
iii 
 
 1 
The results of this study indicate that R. dominica exhibit varied population 2 
dynamics between habitats at the landscape scale, suggesting that populations adapt 3 
to localised conditions. The response of R. dominica to the extrinsic characteristics of 4 
the environment allows it to persist over broad spatial scales, extending the spatial 5 
distribution of this species beyond stored wheat facilities. The ecological 6 
implications of a broad scale spatial distribution are discussed with a particular focus 7 
on how this might shift current management practices for this species. 8 
  9 
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Chapter 1: ECOLOGY OF INSECTS IN 1 
AGRICULTURAL LANDSCAPES 2 
Some insect species have the capacity to reach large numbers in agricultural 3 
systems, causing severe damage to crop commodities and resulting in substantial 4 
economic losses (Speight 1983, Drake 1994, Helenius 1997, Sutherst, Collyer et al. 5 
2000, Mumford 2002, Vinatier, Tixier et al. 2011). The capacity for insect species to 6 
reach large abundances in agricultural systems is related to a range of factors, both 7 
extrinsic and intrinsic to the organism in question. Extrinsic factors can include 8 
factors such as available habitat resources and climatic conditions, whilst intrinsic 9 
factors may include reproductive traits, host preferences and dispersal ability (Hill 10 
1983, Drake, Gatehouse et al. 1995, Kennedy and Storer 2000). Understanding how 11 
insect pest species respond to their environment is vital to understand the ecology of 12 
the species (Perrin 1976, Levins and Wilson 1980). An ecological understanding of 13 
the target species can enable successful management by identifying and manipulating 14 
factors that may lead to large changes in the abundance of that species. The theory of 15 
landscape ecology provides a framework for understanding this overall system.  16 
 17 
LANDSCAPE ECOLOGY 18 
 19 
Landscape ecology refers to ecological phenomena occurring at broad spatial 20 
scales and focuses on the relationships between landscape pattern and landscape 21 
process (Risser 1984, Kupfer 1995, Chaplin-Kramer, O’Rourke et al. 2011). A 22 
landscape can be defined as a collection of landforms within a broad area generally 23 
ranging from a few hectares to many square kilometres (Turner 1989). Variations 24 
between different parts of a landscape result in spatial heterogeneity common to 25 
many landscapes. Dunning, Danielson and Pulliam (1992) suggest that a landscape 26 
generally occupies some spatial scale intermediate between the home range and 27 
geographic distribution of an organism. The discipline of landscape ecology has 28 
grown substantially in recent decades (Risser 1984, Turner 1989, Naveh and 29 
Lieberman 1990, Forman 1995, Turner, Gardner et al. 2001, Urban 2006, Wu 2013) 30 
2 
 
and has developed from a general scientific discipline of study to a highly effective 1 
framework used for understanding more specific situations. The ecology of 2 
agricultural landscapes is one such field which has benefited from a landscape 3 
ecology perspective (Barrett 1992, Helenius 1997, Tscharntke, Klein et al. 2005). 4 
 5 
Studies that have applied a landscape ecology framework to questions 6 
regarding process occurring in agricultural landscapes are often concerned with how 7 
organisms occurring at the landscape scale are impacted by the heterogeneous nature 8 
of agricultural landscapes. For instance many studies have looked at how fragmented 9 
habitats within an agricultural landscape impact on insect species richness and 10 
abundance (Tscharntke, Steffan-Dewenter et al. 2002, Hendrickx, Maelfait et al. 11 
2007, Diekötter, Billeter et al. 2008). Fragments of habitat in an agricultural 12 
landscape can include patches of different crops, patches of the same crop at varying 13 
stages of development, or patches of crop and non crop areas. Typically, adjacent 14 
patches contrast in appearance, structure and content or a combination of these 15 
(Hunter 2002). Characteristics of different patches in a landscape such as size of 16 
patch and distance to other patches are often related to characteristics of insect 17 
populations. For example the diversity and density of insect pest species in alfalfa 18 
and soybean crops respectively increase in relation to the size of surrounding non 19 
crop patches (Kemp and Barrett 1989, Holland and Fahrig 2000).  20 
 21 
Landscape pattern in an agricultural context, can change through space and 22 
time and this can be related to a host of factors including landscape topography, 23 
seasonal climate variation and farming practices. These factors are often interrelated 24 
and can have a combined effect on landscape pattern (Gustafson 1998). In 25 
conjunction these factors influence the pattern of the landscape, altering the spatial 26 
and temporal arrangement of patches for example. Organisms persisting over vast 27 
areas are in turn impacted differently in different areas of the landscape. (Benton, 28 
Vickery et al. 2003). One of the more obvious examples of landscape variation 29 
impacting on insect populations is the sharp increase in abundance of the Southern 30 
Green Stinkbug (Nezara viridula) in soybean crops at the precise time of pod 31 
development (Todd 1989). The contrast between stinkbug population abundances 32 
3 
 
from crop non crop habitats patches is a result of the heterogeneity of the broader 1 
landscape. 2 
 3 
Many questions concerned with ecological processes occurring in agricultural 4 
systems have ignored the fact that at varied spatial scales, the same ecological 5 
process may appear vastly different (Dunning, Danielson et al. 1992). More recently, 6 
studies have highlighted the importance of recognising spatial scale when 7 
investigating ecological processes in agricultural landscapes (Steffan-Dewenter, 8 
Münzenberg et al. 2002, Thies, Steffan-Dewenter et al. 2003, Hendrickx, Maelfait et 9 
al. 2007). It has been demonstrated for example that species richness of spiders in 10 
temperate European agricultural landscapes is most impacted upon by local scale 11 
species richness, which in turn is most affected by landscape scale characteristics 12 
such as the proximity of local patches to patches of semi natural or natural habitat 13 
(Hendrickx, Maelfait et al. 2007). A consideration of interactions between organisms 14 
and their habitat at broader scales can be useful for understanding how organisms 15 
utilise agricultural landscapes. This information can in turn reveal how organisms 16 
distribute throughout agricultural landscapes, an important aspect when considering 17 
management of pest species. 18 
 19 
 When populations of an organism persist throughout broad areas such as 20 
agricultural landscapes, the dynamics of different populations such as their 21 
abundance, can indicate how different populations use patches differently. For 22 
instance the activity and oviposition of adult Diabrotica virgifera virgifera (the 23 
western corn rootworm) varies substantially between different habitat patches across 24 
agricultural landscapes in Central Illinois (Prasifka, Spencer et al. 2013). It was 25 
found that in habitat patches consisting of corn crops, activity and oviposition were 26 
significantly greater than in patches comprised of perennial grasses including 27 
Miscanthus and switchgrass (Panicum virgatum). Population dynamics such as 28 
activity and reproduction are influenced by the resources present throughout the 29 
agricultural landscape.  30 
 31 
4 
 
There is a definite need to consider the broad scale when investigating how 1 
insect populations might be impacted by characteristics of their surrounding 2 
environment. This appears to be especially important in the assessment of insect 3 
populations occurring in agricultural landscapes. 4 
 5 
AGRICULTURAL LANDSCAPES 6 
 7 
Agricultural ecosystems can be characterised by the production and handling of 8 
plant based crops (i.e. fruits, vegetables and cereals). Cropping systems generally 9 
consist predominantly of a single species planted across large areas. Within an 10 
agricultural landscape, cultivated cropping areas are usually interspersed with other 11 
areas such as forestry, creeks, paddock boundaries and pastures that may or may not 12 
have been altered by humans. These areas generally contain non crop plants or 13 
natural vegetation (Andow 1983, Barrett 1992). These non crop areas are usually 14 
located adjacent to, or surrounding areas dedicated to cropping. Non crop areas 15 
generally occur in parts of the landscape that are inappropriate for cropping practices 16 
due to unsuitable topography, soils or some other reason. Agricultural landscapes are 17 
characterised by spatial variation due to the mosaic of cropping and non cropping 18 
areas, however variation can also exist temporally within agricultural landscapes 19 
through the seasonal production, growth and harvest of crops (Ives and Settle 1997). 20 
 21 
Cropping practices aim to produce large quantities of crop commodities, 22 
typically in accordance with seasonal growing conditions. Depending on trends in 23 
supply and demand however, some crop commodities may undergo prolonged time 24 
in storage facilities rather than being sold immediately following harvest (Fields 25 
1992). This can mean that at various times, large concentrations of resources can 26 
exist in particular habitats throughout the landscape. Therefore, from the perspective 27 
of insect pest species, agricultural landscapes can be characterised by fluctuations in 28 
the spatial and temporal abundance of food resources (Hill 1983). Problems may 29 
arise when organisms are able to adapt to the conditions of agricultural landscapes, 30 
exploiting the fluctuating pattern of resource availability through space and time. 31 
Such organisms are usually identified as pests, and their occurrence can lead to 32 
5 
 
ongoing crop damage and subsequently reduced economic returns for growers 1 
(Stenseth 1981, Kennedy and Storer 2000). 2 
 3 
Due to the spatial and temporal heterogeneity associated with agricultural 4 
landscapes there may be a range of potential habitats for insects throughout these 5 
systems. In this context, habitats can be defined as spatially discrete areas that can be 6 
utilised by insect species (Fahrig and Jonsen 1998, Bianchi, Booij et al. 2006). They 7 
can be delineated from neighbouring habitats through form or function, such that 8 
conditions and resources may vary substantially between habitats or populations 9 
inhabiting these areas may exhibit differences in population dynamics (Stenseth 10 
1981, Wiens, Stenseth et al. 1993). Potential habitats vary in their susceptibility to 11 
insects, however insect species are particularly successful at exploiting agricultural 12 
landscapes due to the plasticity or adaptability exhibited in many of their life history 13 
traits (Gould 1991). Biological characteristics such as short life histories and 14 
adaptive breeding behaviours can allow insect populations to adjust to various habitat 15 
conditions. The capacity for insect species to develop into pests in agricultural 16 
landscapes is related to their ability to inhabit heterogeneous environments (Dunning, 17 
Danielson et al. 1992, Pulliam 2000, Frouz and Kindlmann 2001). 18 
 19 
In order to understand how insects persist in agricultural landscapes as pest 20 
species it is important to understand the dynamics of the system, including the 21 
pattern of resource availability, environmental conditions and physical structure of 22 
landscape (Dent and Elliott 1995). Moreover, the response of insect populations to 23 
heterogeneous agricultural landscapes needs to be understood for effective 24 
management (Wiens 1989, Wiens, Stenseth et al. 1993). An understanding of the 25 
influence of extrinsic conditions of agricultural landscapes on insect dynamics can 26 
allow for the identification of situations that can lead to increased pest abundances. 27 
  28 
EXTRINSIC FACTORS EFFECTING INSECT DYNAMICS IN 29 
AGRICULTURAL LANDSCAPES 30 
 31 
6 
 
Extrinsic factors influencing the ecology of insects in agricultural landscapes 1 
include climatic conditions and resource availability. Climatic conditions refer to the 2 
effect of factors such as temperature and rainfall, whilst resource availability refers to 3 
the types of resources available in different areas of an agricultural landscape. These 4 
are important extrinsic factors that are external to the insect and that have the 5 
capacity to impact on insects persisting in agricultural landscapes.  6 
 7 
Climatic factors 8 
The effects of climatic factors on insect populations are well documented 9 
(Taylor 1963, Kingsolver 1989, Fuhrer 2003, Vinatier, Tixier et al. 2011). The 10 
influence of climatic conditions on insect populations can vary through space and 11 
time and therefore insects can be affected directly or indirectly (Kennedy and Storer 12 
2000). For example, severe climatic events can have direct impacts on insects yet, 13 
these impacts can also be indirect through an effect on host species (Bylund 1999). 14 
This means that insects from habitats containing different host species may be 15 
effected differently by climate. The effects of climate on insect populations may be 16 
immediate following short term weather events or may be observed over longer time 17 
periods due to seasonal climatic variations (Rosenzweig and Iglesias 2007). One of 18 
the most noticeable impacts that fluctuations in climatic conditions can have on 19 
insect populations is on their vigour or activity (Cox and Dolder 1995). It is therefore 20 
likely that active or dispersive species may be more effected by climate then less 21 
dispersive insect species.  22 
 23 
Temperature has been shown to be an important driver of insect activity (Drake 24 
1994). Movement, in the form of flight for example, is in many cases directly related 25 
to ambient temperatures (Taylor 1963). The relationship between insect flight 26 
activity and air temperatures stem from the ectothermic nature of insect species. 27 
Ectothermic species rely on external sources of heat energy to increase body 28 
temperature and can acquire thermal energy from their surrounding habitat (Abdullah 29 
July, 1961). The action of flight necessitates rapid movement of synchronous muscle 30 
fibres that are activated through nerve impulses. The thermal energy required for 31 
increased wing-beat frequency can at least in part be acquired from increased 32 
7 
 
ambient air temperatures (Marden 2000). Movement, in the form of flight activity in 1 
particular, is inhibited by low temperatures in some species (Drake 1994).  2 
 3 
The effect of temperature on insect activity has often been studied in the 4 
context of agriculturally important species (Drake 1994). The gypsy moth 5 
(Lymantria dispar), an insect species capable of large scale defoliation in North 6 
American forests, displays increased wing beat frequency and increased air and 7 
ground travel speed under increased ambient temperatures, in some cases leading to 8 
population outbreaks during warmer periods (Charlton, Kanno et al. 1993). More 9 
recent studies have demonstrated a clear relationship between increased ambient 10 
temperatures and increased population activity in the pine engraver (Ips pini) 11 
(Aukema, Clayton et al. 2005). Ambient temperatures generally dictate whether 12 
insect activity is possible. There are however other climatic factors that can influence 13 
insect dynamics in agricultural landscapes. 14 
 15 
Precipitation can impact directly on insect activity in a variety of ways. 16 
Increased precipitation can inhibit flight in smaller insect species whilst larger 17 
species may be able to tolerate heavy rains (Drake 1994). Although the pine 18 
engraver, I. pini increases activity in response to increased temperatures, it has also 19 
been shown to reduce activity in accordance with increased total rainfall (Aukema, 20 
Clayton et al. 2005). The distribution and activity of the larger grain borer,  21 
Prostephanus truncatus (Coleoptera: Bostrichidae), a significant agricultural pest of 22 
stored maize in Mexico, was demonstrated to fluctuate in accordance with monthly 23 
precipitation levels (Tigar, Osborne et al. 1994). The correlation between rainfall and 24 
population dynamics was however weaker in more tropical regions of Mexico, 25 
suggesting that climatic factors in tropical regions tend not to act as limiting factors 26 
on insect activity (Tigar, Osborne et al. 1994, Bylund 1999). This suggests that while 27 
different environmental factors may be important, the interactions between them can 28 
be complex. 29 
 30 
External factors such as ambient temperature and rainfall can also affect insect 31 
populations in less straightforward ways. Insects occurring under the same 32 
8 
 
conditions, will exhibit different patterns of flight in response to temperature 1 
depending on the ambient temperatures experienced during development. For 2 
example it is often seen that when development has occurred under cooler 3 
conditions, flight in mature insects may occur at cooler temperatures compared to 4 
insects that developed in warmer conditions (Patterson, Westbrook et al. 1999). 5 
Furthermore, rainfall can affect host availability and quality, indirectly impacting on 6 
insect abundances that may be utilizing those hosts (Fuhrer 2003). Early season 7 
rainfall for example may be responsible for providing some herbivorous insect 8 
species with increased host abundance later in the year leading to seasonal increases 9 
in abundances. Longer term effects of increased temperature and rainfall cycles can 10 
also have indirect effects on insect species’ broad scale geographic range (Taylor 11 
1963, Guisan and Zimmermann 2000, Bale, Masters et al. 2002).  12 
 13 
Resource availability 14 
Extrinsic factors in the form of climatic conditions affect insect activity within 15 
agricultural landscapes. In addition to climate there are other extrinsic factors that 16 
can impact on insects inhabiting agricultural landscapes. Factors such as the spatial 17 
and temporal availability of food resources and potential hosts can impact on insect 18 
dynamics in various habitat patches (Dunning, Danielson et al. 1992). Variation in 19 
available resources between habitats thus impacts the overall population abundance 20 
and distribution at the broader scale (Kennedy and Storer 2000). It has been 21 
demonstrated that populations of insect species inhabiting heterogeneous landscapes 22 
undergo variation in population abundance as a result of habitat conditions and 23 
available resources (MacArthur 1967, Wolda 1978, Haynes, Diekotter et al. 2007). 24 
 25 
Agricultural landscapes often contain easily identifiable crop and non crop 26 
habitats that offer varied host resources to insects (Dunning, Danielson et al. 1992). 27 
For example variation in population dynamics of the fruit fly Anastrepha oblique, 28 
were shown between two types of crop habitat (plum and mango orchards) as well as 29 
non crop habitats (Aluja and Birke 1993). Non crop habitats contained the fewest 30 
insects whilst in plum orchard habitats feeding and reproduction were highest, 31 
resulting in increased abundances and increased activity in plum compared to non 32 
9 
 
crop and mango orchard habitats. For insect species occurring in agricultural 1 
landscapes, the location and availability of different hosts within different types of 2 
habitat can lead to varied dynamics between these habitats (Fuhrer 2003). 3 
 4 
For some species of insects, several different types of potential habitat can 5 
exist within an agricultural landscape. Each type of habitat is likely to have a varied 6 
level of susceptibility to insect exploitation. In the case of the southern green 7 
stinkbug (Nezara viridula), an important pest of several food and fibre crops 8 
throughout tropical and subtropical regions of the Americas, Africa, Asia and 9 
Australia, distribution across agricultural landscapes has been demonstrated to be 10 
linked to the phenological stage of crop hosts (Todd 1989). Adults are strong fliers 11 
and widely polyphagous in their host preference, exploiting soybean crops during the 12 
pod development stage as well as other crops such as legumes following the decrease 13 
in attractiveness of immature soybean fields (McPherson and Newsom 1984). Other 14 
examples of habitat exploitation include instances where pest species are able to 15 
utilize non crop hosts before spreading into crop habitats.  Heliothis virescens and 16 
Helicoverpa zea  utilise roadside and field boundary habitats consisting mostly of 17 
weeds and other non crop vegetation before moving into crop habitats where 18 
considerable damage can be caused (Mueller and Phillips 1983).  19 
 20 
Agricultural landscapes are characterized by heterogeneity due to spatial and 21 
temporal variation in climate and resource availability. These external conditions can 22 
impact on insect activity and abundance and can also dictate the spatial distribution 23 
of species inhabiting agricultural landscapes. Insect species occurring in agricultural 24 
landscapes are clearly influenced by extrinsic factors, however there are a range of 25 
other factors, internal to the insect, that dictate how they respond to the heterogeneity 26 
of agricultural landscapes. Some insect species respond to favorable landscape 27 
conditions through rapid increases in abundance in some cases leading to increased 28 
crop damage. For such a response to occur, insect species are generally characterized 29 
by certain intrinsic traits. 30 
 31 
10 
 
INTRINSIC FACTORS COMMON TO INSECTS IN AGRICULTURAL 1 
LANDSCPAES 2 
 3 
While important, extrinsic factors are not solely responsible for influencing 4 
insect pest dynamics in agricultural landscapes. Reproductive capacity, mobility and 5 
polyphagy in host selection are all important intrinsic characteristics of damaging 6 
insect pest species (Andow 1983, Hill 1983, Stinner, Barfield et al. 1983). They 7 
represent important intrinsic factors that are related to the potential of insect species 8 
to develop into pests (Perrin 1976). At least one of these characteristics is often 9 
evident in agricultural pest species (Kennedy and Storer 2000). Insect pests of 10 
agriculture are generally considered so due to their ability to adjust to the conditions 11 
of agricultural landscapes. Increased fecundity under ideal conditions can result in 12 
dramatic increases in abundance in a short time period. This typically follows the 13 
location and colonization of favorable habitats with abundant resources (Perrin 14 
1976). An increased capacity for dispersal in some species can also allow them to 15 
track favorable habitats through time and space. Finally, a polyphagous host 16 
selection strategy leads to the possibility of many potentially suitable hosts (Vinatier, 17 
Tixier et al. 2011). In conjunction, these factors shape the ability of insect species to 18 
exploit agricultural landscapes. 19 
 20 
Reproduction 21 
Agricultural insect pests often exhibit opportunistic reproductive traits that 22 
allow them to respond to a rapid increase in habitat resources. It has been 23 
demonstrated that in cropping ecosystems, where overall plant resources fluctuate 24 
with growing seasons, increases in pest abundance can be related to the availability 25 
of crop commodities (Coyle, Nebeker et al. 2005). In agricultural landscapes, 26 
containing both cropped and non cropped habitats, it is often the case that cropped 27 
habitats contain the favorable host resource for insect species as is demonstrated 28 
through the exploitation of crops by Heliothis virescens and Helicoverpa zea 29 
(Mueller and Phillips 1983). After locating favorable habitats, H. virescens and H. 30 
zea are known to cause extensive damage to crops due to large population 31 
abundances. It is typical for insect pest species occurring in crops to exhibit seasonal 32 
11 
 
reproductive cycles that fluctuate in accordance with the resource availability in crop 1 
habitats (Tscharntke, Rand et al. 2005). 2 
 3 
Dispersal 4 
Accessing favorable habitats requires the ability to disperse, and this 5 
characteristic has been linked with numerous important insect pest species from a 6 
range of orders including Lepidoptera, Coleoptera and Diptera (Stenseth 1981, 7 
Stinner, Barfield et al. 1983, Pulliam, Dunning et al. 1992, Chapman, Drake et al. 8 
2011, Vinatier, Tixier et al. 2011). In the context of an agricultural landscape insect 9 
pests may be able to move between habitats, tracking favorable resources and 10 
conditions through time and space. The ability of some insect pest species to 11 
recolonize habitats shortly following a disturbance (i.e. harvest or pesticide 12 
application) indicates that dispersal, in the form of the movement of individuals and 13 
populations between habitats, is an important aspect of the success of pest species 14 
(Hardin, Benrey et al. 1995, Trumper and Holt 1998).  15 
 16 
Recurring pest populations following insecticide use can occur via two 17 
processes. It may be that not all insects are eradicated following pesticide application 18 
as seen in residual populations of Cryptolestes ferrugineus inhabiting grain storages 19 
after fumigation (Reed, Hagstrum et al. 2003). Alternatively, dispersing individuals 20 
from neighboring habitats within the greater landscape, may emigrate to re-colonize 21 
affected habitats (Tscharntke, Rand et al. 2005). For example in agricultural 22 
landscapes used for the production of rice, highly mobile insect species recovered 23 
quicker following insecticide application than those with a lower capacity for 24 
dispersal (Pilling 1995). 25 
 26 
In agricultural systems, dispersal is particularly beneficial for insect that 27 
experience disturbed habitats. Disturbance may occur due to ongoing farming 28 
practices (i.e. planting, harvesting and pest control) that continually alter the 29 
suitability of habitats for insect species throughout agricultural landscapes. Highly 30 
dispersive insect species can benefit from being able to track favorable resources and 31 
habitats through time and space. Examples of re-colonization following habitat 32 
12 
 
disturbances include the crucifer aphid in recently sprayed crop fields of collard 1 
greens (Root and Skelsey 1969, Hardin, Benrey et al. 1995), spider mites re-2 
colonizing perennial apple orchards following pesticide application (Kapetanakis, 3 
Warman et al. 1986) and Tribolium spp. which are often the first insects noticed in 4 
grain crop storage structures after they are filled with commodities (Herrman 1998). 5 
 6 
 7 
Polyphagy 8 
Polyphagy in host selection is a trait that can be linked to the ability of some 9 
insect species to develop into pests within agricultural systems (Fitt 1989). 10 
Polyphagy refers to the ability of some insect species to feed on or utilise (i.e. for 11 
ovipositing) a range of host resources (Via 1984). This trait can allow a wider range 12 
of habitats to be exploited and subsequently some agriculturally important insects 13 
display this characteristic (Risch, Barbosa et al. 1987, Fitt 1989). The patchy and 14 
disturbed nature of agricultural ecosystems means there a generally a wide range of 15 
potential hosts located throughout the landscape. A polyphagous host preference can 16 
therefore lead to a broad distribution of insects in agricultural landscapes due to their 17 
ability to utilize both cropped and non cropped areas. A key feature of some 18 
agricultural systems is the continuous availability of a range of suitable host plants 19 
which can enable populations of highly polyphagous species, such as the silver 20 
whitefly (B. tabaci), to develop actively throughout the year. This occurs due to the 21 
ability of B. tabaci to exploit a range of hosts located throughout both crop and non 22 
crop habitats (Gerling and Mayer 1996, Denholm, Cahill et al. 1998).   23 
 24 
Although dispersal and polyphagy are representative of important intrinsic 25 
characteristics of agriculturally important insect species there are also important 26 
processes that can impact on populations of agricultural pest species (Bull, Pickup et 27 
al. 2007). Research has indicated that along with extrinsic factors including climatic 28 
conditions and resource availability, the role of top down factors can be important in 29 
regulating populations of insects in agricultural landscapes (Gratton and Denno 30 
2003). Rosenheim (1998) provides detailed information regarding many examples of 31 
top down forces acting on herbivorous insect populations and concludes that control 32 
13 
 
agents such as entomopathogenic microbes, entomopathogenic nematodes, insect 1 
parasitoids, and insect predators are subject to their own constraints. 2 
 3 
The capacity for insect species to exploit agricultural systems depends on the 4 
extrinsic factors associated with agricultural landscapes and the intrinsic 5 
characteristics of insects inhabiting these landscapes. Different agricultural systems 6 
are likely to be impacted by different insect species. Therefore an understanding the 7 
overall system can be achieved through an understanding of the agricultural system 8 
and the ecology of the insect species in question, as this will determine how it 9 
interacts with its environment. There are many different types of agricultural systems 10 
that can be exploited by insect species. The production of wheat is one such system 11 
that continues to experience crop damage caused by insect pest species (Collins 12 
2010, Ridley, Hereward et al. 2011). 13 
 14 
INSECT PESTS OF WHEAT 15 
 16 
The production and handling of wheat (Triticum aestivum) occurs 17 
internationally and it represents a significant proportion of the global agricultural 18 
industry. In 2011, 704.1 million tons of wheat were produced globally and Australia 19 
was responsible for approximately 4% of this (FAO 2012). In Australia wheat 20 
production and handling covers a total area of  approximately 12.6 million hectares, 21 
making it one of the country’s most important crop commodities, particularly as the 22 
majority of wheat grown in Australia is destined for export (FAO 2012). Crop 23 
damage caused by insect pests continue to impact the Australian wheat industry 24 
which has a nil tolerance to grain exports contaminated with live insect pests 25 
(Sinclair and Alder 1984, Ridley, Hereward et al. 2011).  26 
 27 
The impact of insects on the wheat industry both within Australia and around 28 
the world is significant and as such considerable research has gone into 29 
understanding aspects of the ecology of several important insect species. Population 30 
numbers and insect activity have been monitored within and around grain production 31 
14 
 
and storage facilities such as silos, bunkers and seed mills within grain growing 1 
regions of Australia (Sinclair 1982, Sinclair and Haddrell 1985, White 1988), and the 2 
US (Hagstrum 2001, Toews, Campbell et al. 2006, Mahroof and Phillips 2007). 3 
Further research has also been carried out into the survival and reproduction of the 4 
insect pests of wheat on other hosts (Wright, Fleming et al. 1990, Jia, Toews et al. 5 
2008) and following starvation (Daglish 2006). The effects of weather conditions and 6 
habitat type on insect abundance and activity have also been assessed (Edde, Phillips 7 
et al. 2006, Mahroof, Edde et al. 2010). 8 
 9 
Wheat production in Australia is subject to crop losses due to several important 10 
insect species including Tribolium castaneum (Herbst), Rhyzopertha dominica (F.), 11 
Sitophilus oryzae (L.), and the Cryptolestes spp. group (Sinclair and Haddrell 1985). 12 
These species can cause considerable damage to crop commodities that are stored 13 
within large scale processing and handling facilities when insect abundances reach 14 
large numbers. As such these insects  are commonly referred to as stored product 15 
pests (Collins 2010). Wheat storages are typically filled following harvest and insect 16 
infestation and damage are generally first noticed within these storage habitats 17 
(Hagstrum 1989). 18 
 19 
Storage facilities in the form of large scale silos and bunkers are typically 20 
located on most farms throughout agricultural landscapes dedicated to the production 21 
of wheat. They can be used to store wheat and other grains following harvest for 22 
varying amounts of time depending on factors such as market demand and supply. 23 
Although it is unlikely that between harvests all grain materials are completely 24 
removed from storage facilities, they are generally maintained to high hygienic 25 
standards in an attempt to avoid the occurrence of pest populations (Longstaff 1994). 26 
It has been demonstrated that insects typically don’t exist in storage facilities prior to 27 
harvest and the commencement of storage of wheat (Hagstrum 2000). Stored product 28 
insects that are capable of dispersal are able to infest storage facilities after wheat is 29 
moved from the field into storage (Hagstrum 2001). Insect species that have the 30 
capacity to increase reproductive efforts in accordance with available resources can 31 
dramatically increase in abundance when large storages of wheat become available. 32 
15 
 
Of the above mentioned insects, R. dominica is considered one of the most damaging 1 
stored product pest species to Australia’s wheat industry (Sinclair 1982, Daglish 2 
2006, Daglish, Ridley et al. 2010).  3 
 4 
THE LESSER GRAIN BORER, RHYZOPERTHA DOMINICA 5 
 6 
The lesser grain borer, Rhyzopertha dominica, is a member of the family 7 
Bostrichidae. Although the origin of this species is unknown, it is believed to have 8 
first occurred in tropical forests of the Indian subcontinent as this area represents the 9 
origin of many other species of Bostrichidae (Edde 2012). Bostrichids are also 10 
known as auger beetles or powder-post beetles and insect species belonging to this 11 
family are capable of boring into trees, branches, timber and other wooden products. 12 
When found throughout agricultural landscapes however, they are most commonly 13 
associated with stored wheat (Potter 1935, Nansen, Meikle et al. 2004, Edde 2012). 14 
Rhyzopertha dominica is capable of flight and crop damage caused by this species 15 
occur when insects are able to locate and feed on wheat held in large scale, bulk 16 
storage facilities (Hagstrum 1989, VelaCoiffier, Fargo et al. 1997). Although capable 17 
of active dispersal by flight, R. dominica can also travel between wheat storages 18 
during bulk transport similarly to the red rust flour beetle (Tribolium castaneum) 19 
(Ridley, Hereward et al. 2011). There is however limited research to support this 20 
theory. Rhyzopertha dominica is now considered a cosmopolitan pest species, 21 
occurring throughout many parts of the world where wheat is grown and stored 22 
(Edde 2012).  23 
 24 
Whilst it is well established that R. dominica feed on stored wheat, it is 25 
generally thought they do not feed on wheat in the field (Hagstrum 1989, Hagstrum 26 
2001) however this has not been experimentally confirmed. Once stored wheat is 27 
located, R. dominica is able to penetrate whole grains by boring into the kernel which 28 
is possible due to a powerful mandible structure (Tauthong 1984). Eggs are laid 29 
outside grain kernels in clusters amongst grain residues (frass) produced by adults 30 
chewing on whole grains (Potter 1935, Crombie 1941). Larvae then bore into kernels 31 
to complete development (Shazali and Smith 1985). When adults emerge they are 32 
16 
 
capable of feeding on the kernel from the inside out resulting in damaged grains and 1 
the accumulation of frass which in turn can lead to contamination and the possibility 2 
of export rejection of the grain bulk (Sinclair and Alder 1984, Edde 2012).  3 
 4 
There are many reports of high numbers of R. dominica inhabiting wheat 5 
storage facilities such as bunkers, silos and processing plants (Barrer, Starick et al. 6 
1993, Wright and Morton 1995, Daglish, Head et al. 2008, Daglish, Ridley et al. 7 
2010). R. dominica can also persist in processing equipment held on farms such as 8 
harvesters and other machinery (Sinclair 1982). R. dominica is also a pest within the 9 
United States and has been caught consistently in storage facilities located 10 
throughout agricultural landscapes used for production and handling of wheat 11 
(Hagstrum 2000). It is capable of exploiting stored wheat due to its ability to adjust 12 
reproductive effort in accordance with the cyclic filling and emptying of storages 13 
with crop commodities (Fields 1992).  14 
 15 
Although many studies have assessed R. dominica activity and abundance 16 
around wheat storages, there is evidence to suggest this species is capable of utilising 17 
food resources other than wheat (Jia, Toews et al. 2008). Given the potential for R. 18 
dominica to utilize various food resources and its ability to fly to locate such 19 
resources, it may be possible that this species persists beyond individual grain 20 
storages at the broader landscape scale. In addition, a capacity for flight and the 21 
exploitation of different food resources is likely to be impacted on by extrinsic 22 
factors such as climatic conditions and the distribution of resources throughout 23 
agricultural landscapes. 24 
 25 
POLYPHAGY IN RHYZOPERTHA DOMINICA 26 
 27 
Studies assessing potential food resources of R. dominica have identified a 28 
range of suitable hosts (Edde and Phillips 2006, Jia, Toews et al. 2008). Survival and 29 
reproduction has successfully been recorded on seeds of acorns, cowpeas, peanuts 30 
and dried potato fibres and emergence of F1 progeny occurred after 28 days on 31 
17 
 
wheat and up to 34 days on potato and cowpea mediums (Edde and Phillips 2006). 1 
Laboratory studies have proven that R. dominica have maintained the ability to feed 2 
on a range of host species including acorns, hackberry (Celtis laevigata) and 3 
buckbrush (Ceanothus cuneatus), even at an early age (Wright, Fleming et al. 1990). 4 
Reproduction was also successfully observed on damaged acorns as well as 5 
hackberry and buckbrush fruits (Wright, Fleming et al. 1990). Survival and 6 
reproduction has also been observed on non-agricultural hosts in Kansas. Jia et al. 7 
(2008) demonstrated survival and feeding activity of R. dominica on fresh cut and 8 
dead twigs of a range of tree species from 14 different families, highlighting the 9 
polyphagous nature of this pest species. 10 
 11 
Adult R. dominica have also been found on non agricultural hosts located in the 12 
field in a Kansas prairie containing woodland and grassland areas up to 15km from 13 
any wheat cropping or storage facilities (Jia, Toews et al. 2008). This may indicate 14 
that R. dominica are capable of utilizing non crop habitats throughout the broader 15 
landscape. The larger grain borer (Prostephanus truncatus), an important pest of 16 
stored maize, also has the ability to utilise different hosts located between various 17 
habitats throughout Africa and survival has been recorded on a variety of tree species 18 
from at least seven different families (Nansen, Meikle et al. 2004). P. truncatus is 19 
believed to use the natural environment as a reservoir for populations, exploiting 20 
grain storages when conditions suit (Nang'Ayo, Hill et al. 1993). Both P. truncatus 21 
and R. dominca are pests of stored grains and both are Bostrichidae insects, that are 22 
typically wood boring species (Potter 1935, Nansen and Meikle 2002).  23 
 24 
It has been suggested that prior to the domestication of wheat and other grains, insect 25 
species such as P. truncatus survived predominantly on the wood, bark or seeds of 26 
various tree species found within its range (Nang'Ayo, Hill et al. 1993). Given their 27 
similarities in terms of host selection, the ability to exploit both crop and non crop 28 
hosts may exist in R. dominica. A broad range of possible food resources means 29 
there are likely to be various potential habitats located throughout an agricultural 30 
landscape that may be utilised by R. dominica. 31 
 32 
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DISPERSAL IN RHYZOPERTHA DOMINICA 1 
 2 
Rhyzopertha dominica use flight to access favourable habitats in search of food 3 
or shelter. This type of activity is strongly influenced by external factors such as 4 
resource availability and weather conditions. The location of favourable resources, 5 
such as stored wheat influences flight activity of R. dominica occurring in close 6 
proximity to stored wheat facilities. Past studies in Australia have revealed 7 
correlations in activity of insects in wheat storage facilities and nearby habitats, but 8 
only within 100m  (Sinclair and Haddrell 1985). US studies have also recorded R. 9 
dominica flying into grain storage facilities almost immediately following storage 10 
filling (Hagstrum 2001). This indicates that the flight activity of R. dominica is 11 
influenced by the location and availability of stored wheat over small spatial scales 12 
(up to 100m) therefore influencing spatial and temporal dynamics of this species. 13 
 14 
Using flight to track potential habitats also depends on climatic conditions that 15 
can dramatically effect dispersal ability of insects (Taylor 1963). R.  dominica is 16 
most active during warmer periods of the year and although year round captures have 17 
been recorded (Daglish, Ridley et al. 2010), flight activity is significantly reduced 18 
through the colder months (Sinclair and Haddrell 1985). Flight responses to 19 
temperature can vary among populations of R. dominica. Populations sampled 20 
around a grain storage shed in northern New South Wales were not observed flying 21 
at temperatures under 16˚C (Wright and Morton 1995), yet further north in central 22 
Queensland, where temperatures are generally warmer, it was shown that R. 23 
dominica required temperatures of at least 25˚C for the initiation of flight activity 24 
(Sinclair and Haddrell 1985). Studies from the US have showed similarly varied 25 
flight responses whereby flight activity ceases below 22.5˚C during the summer 26 
months and below 17.5˚C in the cooler months (Toews, Campbell et al. 2006). Such 27 
studies suggest that the response of R. dominica to extrinsic factors such as ambient 28 
temperatures varies spatially and temporally. 29 
 30 
Some studies in the US have also highlighted the effects that other extrinsic 31 
factors can have on R. dominica. Toews (2006) demonstrated that ambient air 32 
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temperature along with wind speed accounted for almost half of the variation in total 1 
R. dominica trap captures around stored wheat. Other studies have used predictive 2 
models based on weather variables to forecast the occurrence of R. dominica (Edde, 3 
Phillips et al. 2006). A strong positive linear relationship between maximum air 4 
temperature and flight activity around grain elevators was demonstrated, whilst 5 
minimum temperature and maximum wind speed were significant factors effecting 6 
flight activity in forested areas. Other important influences on flight activity have 7 
included direct effects of rainfall, maximum and minimum air temperature, 8 
maximum wind speed and day light hours, yet these variables were generally more 9 
influential in forested habitats compared to grain elevator habitats (Edde, Phillips et 10 
al. 2006). 11 
 12 
Given some of the characteristics of R. dominica including the ability to remain 13 
active under varied climates, a polyphagous host preference and the ability to fly, it 14 
may be possible for this species to  persist throughout the landscape beyond 15 
individual wheat storage structures. Whilst the occurrences of R. dominica in stored 16 
wheat facilities are well documented (White 1988) the occurrence of R. dominica in 17 
other habitat types is less well known. R. dominica may be persisting throughout 18 
different habitats at the broader landscape scale however information regarding the 19 
landscape ecology of this species is limited. Identifying patterns in spatial and 20 
temporal abundance and distribution across a range of habitats may lead to a greater 21 
understanding of the landscape scale ecology of R. dominica (Harrison 1991, 22 
Helenius 1997, Hanski 1998). 23 
 24 
Although understanding the ecology of pest species is important in formulating 25 
appropriate management strategies, quantifying and describing the activity, 26 
abundance and distribution of R. dominica at a broader scale has until now been 27 
overlooked in Australia. This study therefore aims to assess the flight activity, 28 
abundance and distribution of R. dominica at the landscape scale, encompassing a 29 
range of conditions and habitat types. The results will lead to a greater understanding 30 
of how abundance and activity vary at the landscape scale. Factors that may be 31 
affecting population dynamics will be identified and quantified with the use of 32 
20 
 
generalized linear mixed modelling. The role of bulk grain storage facilities in 1 
affecting the landscape scale distribution will also be assessed, but at spatial scales 2 
previously untested. Patterns in local population dynamics may help to clarify the 3 
broad scale ecology of this species in south east Queensland, Australia. 4 
   5 
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Chapter 2: ENVIRONMENTAL 1 
CONDITIONS AND SEASONAL TRAP 2 
CAPTURES OF RHYZOPERTHA 3 
DOMINICA IN SOUTH EAST 4 
QUEENSLAND 5 
INTRODUCTION 6 
 7 
The Australian wheat belt represents a broad area where the vast majority of 8 
Australian wheat is produced (Figure 1). It spans three main regions. The western 9 
grain growing region is located in Western Australia and the southern grain growing 10 
region spans from South Australia to Victoria and New South Wales. The northern 11 
grain growing region stretches from central north New South Wales to central 12 
Queensland (Murray and Brennan 2009). In this region, insect species, including R. 13 
dominica are common. The northern grain growing region has been described as a 14 
potential hotspot for the occurrence of stored grains pests due to ideal environmental 15 
conditions for year round insect activity (Sinclair 1982, Daglish, Ridley et al. 2010).   16 
 17 
The northern grain growing region, partially located throughout the Darling 18 
Downs region of southern Queensland, contains predominantly cultivated fields 19 
dedicated to producing high yields of wheat. Wheat crops, typically planted from 20 
May and harvested by December, are in some cases rotated with summer crops 21 
including oats and sorghum. Generally cultivated fields are interspersed and 22 
surrounded by areas containing non-crop vegetation, resulting in a mosaic of crop 23 
and non crop patches. Non crop vegetation typically surrounds wheat fields in the 24 
form of farm boundaries, roads or creeks. However, much larger non crop areas such 25 
as national parks and grazing pastures can be found substantial distances from any 26 
wheat fields. Bulk storage facilities and other associated infrastructure (i.e. silos or 27 
horizontal grain bunkers) can be found on most wheat farms throughout the northern 28 
grain growing region (White 1988). 29 
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Figure 1.The Australian wheat belt represented by the three main growing regions. 5 
The western region (yellow) the southern region (red) and the northern region (blue). 6 
The northern region spans from central Queensland to central New South Wales. 7 
 8 
Rhyzopertha dominica most notably cause damage to stored wheat however 9 
they are also capable of feeding on other grains such as rice, oat, pearl millet and 10 
barley (Potter 1935). As such most of the research has assessed the role of bulk 11 
storage facilities in affecting population dynamics of R. dominica (Sinclair and 12 
Haddrell 1985, Toews, Campbell et al. 2006). Toews and Campbell et al. (2006) for 13 
example used trap captures as an indicator that flight activity of R. dominica around a 14 
wheat seed storage warehouse in Kansas increased with increasing distance from the 15 
warehouse up to 150m away. In contrast, the same study showed a reverse pattern at 16 
a similar habitat in Mead, Nebraska, such that flight activity decreased as distance to 17 
warehouse increased. In Australia preliminary studies using insect traps also reported 18 
that flight activity of R. dominica inside large scale grain storage sheds were 19 
Western grain region  Southern grain region   Northern grain region 
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correlated with trap captures outside of the storage up to 100m away (Sinclair and 1 
Haddrell 1985). 2 
 3 
These studies monitored flight activity of R. dominica with insect traps 4 
established in a transect style design. The experiments were in habitats immediately 5 
surrounding storage facilities and up to a maximum of 150 meters away. Using mark 6 
and release experiments aimed at determining dispersal distances of R. dominica, 7 
Mahroof (2010) has reported a maximum dispersal distance of 1.6km which 8 
emphasises the need for studies that are designed at the appropriate spatial scale for 9 
interpreting flight activity of R. dominica. 10 
 11 
Throughout the Darling Downs region different potential habitats for R. 12 
dominica exist across the landscape. Not only are stored wheat facilities common but 13 
other potential habitats in the form of grasslands and woodlands also exist. These 14 
types of habitat have been demonstrated to harbour R. dominica populations in the 15 
US (Mahroof, Edde et al. 2010). Grasslands and woodlands in this study were 16 
however located in the vicinity of wheat production practices, including cultivation 17 
and storage. Woodlands and grasslands may provide potential habitat for R. dominica 18 
given their preference for a variety of hosts including a wide range of non crop grass 19 
and tree species (Jia, Toews et al. 2008). Throughout the Darling Downs, grasslands 20 
and woodlands of varying sizes exist in the vicinity of wheat production practices, 21 
yet they can also be located large distances from any know grain growing practices. 22 
Although studies investigating R. dominica in Australia have largely been limited to 23 
stored wheat facilities, the possibility exists that this species is distributed over much 24 
larger spatial scales. Favourable conditions for flight in R. dominica may also allow 25 
this species to remain active throughout most of the year, increasing its chance of 26 
detection. 27 
 28 
Trapping R. dominica in different habitats could help to characterise how 29 
populations vary at the landscape scale (Hodges, Addo et al. 2003). Monitoring 30 
trends in population dynamics across several different habitat types may lead to a 31 
greater understanding of the ecology of R. dominica at the landscape scale. Through 32 
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this approach, habitats may be characterised according to the dynamics of 1 
populations, specifically activity and abundance and their associated habitat 2 
conditions.  3 
 4 
This study aims to assess the broad scale abundance and distribution of R. 5 
dominica in south east Queensland. This is achieved through an evaluation and 6 
comparison of a range of habitat types in terms of environmental conditions, 7 
available potential hosts and seasonal trap captures of R. dominica. Grasslands and 8 
woodlands situated in close proximity to wheat cultivation and storage structures as 9 
well as those located substantial distances from any form of wheat production will be 10 
included in the assessment of landscape scale abundance and distribution of R. 11 
dominica. Habitats immediately surrounding wheat storage facilities will also be 12 
assessed but in the context of the broader agricultural landscape. In addition, habitats 13 
that lie well beyond the boundary of the northern grain growing region will also be 14 
assessed. Potential habitats beyond the northern grain growing region should be 15 
assessed in order to determine the extent of the geographic distribution of R. 16 
dominica. Differences in habitat conditions and trap captures associated with each of 17 
the sampled habitats will be discussed along with the implications that this may have 18 
on the broad scale pattern of abundance and distribution of R. dominica in south east 19 
Queensland.  20 
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METHODOLOGY 1 
 2 
Three interrelated approaches were used to carry out an assessment of 3 
landscape scale abundance and distribution of R. dominica. Insect traps were 4 
established across a broad spatial area located on the Darling Downs, Queensland. 5 
Traps were specifically placed in order to encompass both grassland and woodland 6 
habitats, including those located within areas dominated wheat cultivation and 7 
storage practices and those located in areas far removed from any wheat production 8 
practices. Secondly, traps were established in close proximity to stored wheat 9 
facilities in order to assess the influence of these structures on trap captures of R. 10 
dominica. Thirdly, habitats dominated by residential land use practices and located 11 
substantial distances from any form of large scale wheat production and storage were 12 
also assessed in terms of environmental conditions and trap captures of R. dominica. 13 
The habitats used in this approach were far removed from any of the locations 14 
previously described (approximately 150km northeast) and were chosen to assess the 15 
distribution of R. dominica throughout the broader landscape. Insect traps were used 16 
in all three experiments and were methodically located across the broader south east 17 
Queensland area in order to assess and compare a range of habitat types. 18 
Subsequently, two study regions were used to assess the broad scale abundance and 19 
distribution of R. dominica. 20 
 21 
Darling Downs study region (experiment 1) 22 
Experiment one was conducted in the Darling Downs region situated in south 23 
eastern Queensland, Australia. This region receives annual rainfall of approximately 24 
660mm, falling mainly between October and March. The hottest months on average 25 
are November through to March and the coldest are generally May to August, during 26 
which time average temperatures can often remain below 10°C. This region is 27 
comprised of cultivated and non cultivated areas allowing the assessment of R. 28 
dominica dynamics between different habitats at the landscape scale. Grassland and 29 
woodland habitats located within areas dominated by wheat production practices 30 
were assessed and referred to as grassland grain (GG) and woodland grain (WG) 31 
habitats respectively, whilst grassland and woodland habitats under alternate land use 32 
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practices were referred to as grassland non grain (GNG) and woodland non grain 1 
(WNG) habitats. Within each of these types of habitat, 3 replicate sites were 2 
identified (Figure 2, Table 1).  3 
 4 
 5 
 6 
   7 
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Figure 2. The Darling Downs study region showing the location of traps
(Triangles) used in 4 different habitat types (experiment 1) as well as the location
of transect origins (experiment 2). Geographic coordinates are also provided (Table
1). Shaded area indicates where wheat is predominantly grown. 
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Table 1- Location of replicate sites within grassland grain, woodland grain, grassland 1 
non grain and woodland non grain habitats. 2 
 3 
Habitat/site Latitude Longitude 
GG1 28° 8'18.80 152° 7'55.92" 
GG2  28° 9'17.75" 152° 9'13.70" 
GG3 28˚10'38.51" 152˚09'9.77" 
WG1 28°10'50.37" 152° 6'54.53" 
WG2 28°11'43.17" 152° 5'30.97" 
WG3 28°11'59.93" 152° 4'17.55" 
GNG1 28°32'33.8" 152°01'00.9" 
GNG2 28°32'55.9" 152°01'57.0" 
GNG3 28°33'15.66" 152° 2'48.27" 
WNG1 28°28'50.7" 152°05'17.2" 
WNG2  28°29'5.35" 152° 4'13.41" 
WNG3 28°29'46.22" 152°03'14.69"
 4 
Aerial photos were used to detect suitable sites which were then validated at 5 
the ground level and identified based on site characteristics and distances to other 6 
potential sites. A single insect trap was then located at each site. In order to ensure 7 
independence, traps were separated by at least two kilometres from any other 8 
replicate trap and at least four kilometres from any trap of a different habitat. These 9 
distances were chosen based on the maximum dispersal distance reported for R. 10 
dominica of 1.6km (Mahroof, Edde et al. 2010).  11 
 12 
Site description 13 
Grain sites from the Darling Downs study region were located near the 14 
township of Warwick, Queensland and were comprised of three replicate sites in 15 
grassland grain (GG) habitats and three replicate sites in woodland grain (WG) 16 
habitats.  Traps placed in grain sites were situated on relatively low lying (450-480 17 
metres above sea level), characterised by small undulating hills (Figure 3). Land use 18 
in this area is dominated by wheat production practices which, from April until 19 
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December occupy at least 65% of land use activity at the northern end of the Darling 1 
Downs study region. 2 
 3 
 4 
Figure 3. Grassland grain (top) and woodland grain (bottom) study sites used in 5 
experiment 1. Figures representative of replicate sites in each of grassland grain 6 
(GG) and woodland grain (WG) study sites located in the Darling Downs region. 7 
Wheat fields surrounding woodlands (bottom) are visible in the image background.  8 
 9 
Non grain sites were located at the southern end of Darling Downs study 10 
region, just south of the Queensland-New South Wales border. The landscape 11 
increases to a height of approximately 880 metres above sea level (masl) and this 12 
area is located on a range and is hence unsuitable for agricultural practices such as 13 
wheat cultivation. A large proportion of this area is comprised of the Maryland 14 
National Park and consists of dense woodlands. Open grasslands located on slopes at 15 
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lower altitudes (≈ 800masl) are typically used for sheep grazing in this area (Figure 1 
4). This allowed three replicate sites in grassland non grain (GNG) habitats and three 2 
replicate sites in woodland non grain (WNG) habitats to be assessed.  3 
 4 
 5 
Figure 4. Examples of grassland non grain (GNG (top)) and woodland non grain 6 
(WNG (bottom)) study sites used in experiment one.  7 
 8 
 Darling Downs study region (experiment 2) 9 
Study sites used in experiment two were also located in the Darling Downs 10 
region and were situated nearby the grain habitats described in experiment one 11 
(Figure 2). Two farms containing wheat storage facilities were chosen to assess how 12 
trap captures of R. dominica vary in relation to the distance to the nearest facility. 13 
These sites were chosen as the storage facilities located in each were separated by 14 
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sufficient distances to other storage structures such that the confounding effects of 1 
other storages on trap captures of R. dominica were avoided. One transect spanning a 2 
distance of 5km was established at each storage site and each transect contained 6 3 
traps (0-5km). This meant that the effects of distance to stored wheat on trap captures 4 
of R. dominica could be assessed over broad spatial scales. 5 
 6 
The first transect originating at (28°19'41.59"S, 152°11'57.97"E), extended 7 
along a road southwards with traps placed at one kilometre linear intervals. A second 8 
transect was established to provide replication and to highlight any effects on trap 9 
captures that may be due to the orientation of traps along the road (linear transect). 10 
Therefore the second transect was established in a radial formation (radial transect) 11 
and centred around a large scale storage facility at (28°19'35.7"S, 152°20'27.6"E). 12 
Traps used in the radial transect were located in different directions from the storage 13 
site, however, like the linear transect, traps originated at the storage site (0km) and 14 
were placed at consecutive kilometre intervals away from there. 15 
 16 
Greater Brisbane study region (experiment 3) 17 
In order to increase the range of habitats assessed, a second study region 18 
located within south east Queensland was assessed. This region encompasses the city 19 
of Brisbane, spanning around 20km to the north-west and lies approximately 150km 20 
north east of the Darling Downs study region (Figure 5). The Brisbane study region 21 
typically experiences tropical to subtropical conditions consisting of high annual 22 
rainfall (>1100mm on average) during the warmer months from December through 23 
to March. The coldest months are generally June to September when temperatures. 24 
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 1 
During this period temperatures can occasionally fall below 10°C. The greater 2 
Brisbane study region is dominated by residential land use practices with no grain 3 
grown in this area. Subsequently, there are no large scale grain storage facilities 4 
present. Although this is the case, large quantities of wheat that are destined for 5 
export are transported to the port of Brisbane located at least 25km from any sites 6 
Figure 5. The Greater Brisbane study region showing the location of traps
(Triangles) used in urban and peri urban habitat types (experiment 3). The
geographic coordinates are for these traps are provided in Table 2. Wheat destined
for the port of Brisbane travels along the Logan motorway running from west to
east to the south of the study region map. 
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used in the study. On route to the Port of Brisbane, exported wheat travels to the 1 
south of study sites and remains at least 20km away throughout the journey.  2 
 3 
The environment in close proximity to Brisbane city can be described as an 4 
urban environment. This area is characterised by high density, residential, 5 
industrialised and central business districts. Many major transport routes such as 6 
highways, roadways, railways and commuter paths dissect this area. Small patches of 7 
vegetation in the form of recreational sporting fields, parks and some natural habitats 8 
can also be found. The northern end of the greater Brisbane region, approximately 9 
20km north-west of the city of Brisbane, can be described as a peri urban 10 
environment. This area consists of low density housing characterised by larger 11 
residential properties dominated by lawn species and shrubs, including some stands 12 
of low density trees (Figure 6). Typically land use activities in this area include small 13 
scale (<1ha) fruit and vegetable cultivation as well as occasional low numbers of 14 
livestock or poultry. Given these types of practices, it is likely that some small forms 15 
(<20kg) of stored grains exist throughout this area. 16 
 17 
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 1 
Figure 6. Photos are representative of urban (top) and peri urban (bottom) sites used 2 
to assess the spread of R. dominica in south east Queensland. Peri urban sites are 3 
characterised by low density housing with cleared areas and few stands of trees. 4 
Traps in the urban study site are located in a high density residential environment 5 
adjacent to houses. 6 
 7 
Given the characteristics of the greater Brisbane study region, three replicate 8 
urban (U) sites and three replicate peri urban (PU) sites were chosen to assess R. 9 
dominica abundance and distribution. The location of these sites are provided in table 10 
2. Similarly to experiment one, a single trap was established at each site, resulting in 11 
6 traps used in the greater Brisbane study region. Also, traps were separated from 12 
any other trap by at least 2km whilst urban and peri urban habitats were separated by 13 
approximately 20km. 14 
Table 2. Location of replicate sites in urban and peri urban habitats located within the 15 
greater Brisbane study region. 16 
 17 
Habitat/site Latitude Longitude 
U1  27°29'33.64"S 152°58'28.85"E
U2  27°27'30.83"S 153° 0'3.74"E 
U3  27°26'48.14"S 153° 0'52.29"E 
PU1  27°23'36.31"S 152°52'32.54"E
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PU2  27°22'32.36"S 152°50'33.23"E
PU3  27°21'36.37"S 152°53'0.66"E 
 1 
As no prior research describing the potential for R. dominica to persist 2 
throughout urban or peri urban habitat types was available, a concentrated pilot study 3 
was designed to enhance the chances of trapping success. This was carried out over a 4 
six-month period spanning the warmer period of the season. 5 
 6 
 Trapping Design 7 
The location of all traps used in the study can be seen in Figure 2. Four-unit 8 
Lindgren funnel traps (Contech Enterprises Inc., Delta, British Columbia) were used 9 
to trap flying R. dominica. Traps were established according to a standardized 10 
trapping procedure designed by Daglish et al (2010). Traps were positioned 1.5m 11 
above the ground, baited with an aggregation pheromone lure (‘LGB CAP Lesser 12 
Grain Borer’ (Trécé Inc., Adair, OK, USA)) and primed with 100ml of propylene 13 
glycol used to preserve captured insects (Figure 7). Lesser grain borer aggregation 14 
pheromone lures have successfully been used in past studies with limited by-catch 15 
(Daglish, Ridley et al. 2010) and are known to have similar effects in attracting male 16 
and female R. dominica (Dowdy, Howard et al. 1993). 17 
 18 
Lures and propylene glycol samples were replaced monthly as per standardised 19 
trapping procedures (Stevens, Warren et al. 2011). Samples were later analysed 20 
(species identified) and insect counts recorded for each monthly sampling period. 21 
Traps located within the Darling Downs study landscape were open from July 2011 22 
until June 2012 and traps in the greater Brisbane study region were set from January 23 
2012 until June 2012. 24 
 25 
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   1 
Figure 7. Example of a Four-unit Lindgren funnel trap use to trap R. dominica. Lures 2 
are attached to the top of the second funnel (a). Propylene glycol preserves insects in 3 
the bottom of the trap until collection (b). 4 
 5 
Data 6 
The number of R. dominica caught was recorded monthly at every trap and 7 
used as an indicator of abundance. Mean trap captures per study site were calculated 8 
for each sample month. Within each study site additional factors including mean 9 
monthly temperatures, mean monthly wind speeds (at 3pm) and total monthly 10 
rainfall were also recorded (Table 3). Temperature data were recorded daily using 11 
portable data loggers (Tinytag Plus Dual Channel Internal Temp/RH; Hastings Data 12 
Loggers, Port Macquarie, Australia) attached to one of the three replicate traps in 13 
each study site. Rainfall and wind speed data were obtained from the records of the 14 
closest Bureau of Meteorology weather station. Station locations corresponding to 15 
each habitat type assessed in the study are provided in table 4. 16 
Table 3. Variables included in monitoring habitat conditions and dynamics of R. 17 
dominica throughout Darling Downs landscape. 18 
 19 
Variable Notes 
a
b
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 1 
S2 
ince 3 
traps 4 
were 5 
chec6 
ked 7 
and 8 
lures 9 
repla10 
ced on a monthly cycle, this dictated the temporal scale at which other factors were 11 
recorded. Rain totals were accumulated and recorded for each sampling period. Mean 12 
monthly temperature and mean monthly wind speeds were based on the mean of the 13 
daily averages for each sampling period.  14 
Trap captures 
Number of R. dominica trapped. 12 traps in Darling Downs study region. 
6 traps in the greater Brisbane region. 10 traps used to assess R. 
dominica dynamics around stored wheat. All traps were reset monthly.  
Mean monthly 
temperature 
Recorded in each study site using remote sensors.  Mean of daily 
averages calculated for each study site. Recorded in degrees Celsius 
(°C). 
Mean monthly 
wind speed 
Recorded for each study site. Data from nearest Bureau of Meteorology 
weather station. Mean of daily averages calculated for each sample 
period.  Recorded in (Km.hr-1) 
Total monthly 
rainfall 
Recorded for each study site. Data from nearest Bureau of Meteorology 
weather station.  Totalled for each sampling period. Recorded in (mm). 
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Table 4- The names and locations of weather stations that correspond to each 1 
of the habitats assessed in the study.  2 
 3 
Analysis 4 
Trap captures and environmental variables were compared amongst habitat 5 
types within each study region. Comparisons between study regions were avoided 6 
due to large differences in climates and environments. Differences in trap captures 7 
among study sites were analysed using the Mann Whitney U test due to the non 8 
normal distribution of data and the independence of the study sites assessed. 9 
Comparisons in environmental conditions and trap captures within study sites are 10 
demonstrated through the use of graphical representations of temporal trends. All 11 
analysis and graphics were carried out using the R statistical program V2.14.2 (R 12 
Development Core Team 2012) .  13 
Habitat type Weather Station Latitude Longitude 
Grassland Grain Yangan Post Office  28°11'44"S 152°12'32"E 
Woodland Grain Warwick 28°12'22"S 152°6'1"E 
Grassland non Grain Fairy Hill (Wylie 
Creek) 
28°33'35"S 152°7'16"E 
Woodland non Grain Maryland 28°32'30"S 151°59'27"E 
Linear Transect Murrays Bridge alert 28°17'18"S 152°6'19"E 
Radial Transect Tannymorel 28°17'29"S 152°14'47"E 
Urban Hilltop Gardens 27°27'21"S 153°0'55"E 
Peri Urban Samford Kay Drive 27°22'10"S 152°52'29"E 
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RESULTS 1 
 2 
A total of 30 987 R. dominica were captured throughout the entire study. 3 
Insects were caught in all locations where traps were placed and a total of 10 591 4 
insects were trapped across the 4 study sites in the Darling Downs study region. Trap 5 
captures at both the linear and radial transect totalled 20 106, with 13 854 caught at 6 
the linear transect and 6252 caught at the radial transect, whilst 290 insects in total 7 
were caught in urban and peri urban study sites located in the greater Brisbane study 8 
region. Overall, insects were caught during all sample periods except for July 2011. 9 
This was also the first sample period of the study.  10 
 11 
Environmental conditions and trap captures of R. dominica at the landscape 12 
scale on the Darling Downs 13 
Conditions were generally similar between grasslands and woodlands within 14 
grain and likewise between grasslands and woodlands within non grain sites. Trends 15 
in environmental conditions did however vary between grain and non grain sites. 16 
Temperatures and wind speeds tended to be greater in grain sites whilst marginally 17 
more rainfall was recorded in non grain sites. During the 2011/2012 season wheat 18 
was planted in grain habitats during May and June 2011. Subsequently, wheat seed 19 
was first present in the field from September on most farms throughout the area. 20 
Wheat is typically harvested in this region during November and December and it is 21 
at this time that bulk wheat storage commences. 22 
 23 
Temperature 24 
Mean monthly temperatures in grain sites were similar between woodlands and 25 
grasslands (Figure 8). Temperatures peaked during the month of February at 21.6°C 26 
and 21.9°C in grassland grain and woodland grain sites respectively. Temperatures 27 
were lowest during July 2011, with minimums of 9.5°C and 11°C in grassland and 28 
woodland sites respectively. 29 
 30 
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Mean monthly temperatures in non grain sites reached a maximum during 1 
February with 18.5°C and 18.4°C in grasslands and woodlands respectively. Lowest 2 
temperatures were recorded in woodland non grain sites with monthly temperatures 3 
of 7.8°C during July 2011. Mean monthly temperatures remained under 10°C during 4 
the months of July 2011, August 2011 and June 2012 (Figure 8). 5 
 6 
 7 
Figure 8. Mean monthly temperatures in grasslands (solid line) and woodlands 8 
(dashed line) within grain (top) and non grain (bottom) study sites.  9 
 10 
Wind speeds 11 
Wind speeds were similar between grasslands and woodlands yet differed 12 
between grain and non grain sites (Figure 9). Wind speeds in grain sites peaked in 13 
January 2012 at 17.8km.hr-1 and were lowest during May reaching 10.7 km.hr-1. 14 
Likewise, wind speeds were similar within non grain sites with both grasslands and 15 
woodlands experiencing greatest wind speeds during July 2011 (11.5 Km.hr-1) and 16 
lowest speeds during May 2012 (7.8 Km.hr-1). Overall wind speeds were generally 17 
higher in grain compared to non grain sites.  18 
 19 
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 1 
 2 
Figure 9. Mean monthly wind speeds in grasslands (solid) and woodlands (dashed) 3 
between grain (top) and non grain (bottom) sites.  4 
 5 
Rainfall 6 
Overall, total monthly rainfall was lowest in the August 2011 sample period 7 
(Figure 10). Rainfall generally increased steadily among sites until the February 8 
2012 sample period reaching 183.6, 95, 116.8 and 181.4 in grassland grain, 9 
woodland grain, grassland non grain and woodland non grain study sties 10 
respectively. Rainfall generally decreased in all study sites after the February 2012 11 
sample period. 12 
 13 
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 1 
  2 
Figure 10. Total monthly rainfall in grasslands (solid) and woodlands (dashed) from 3 
grain (top) and non grain (bottom) study sites. Data based on sum of daily falls 4 
during each sample month. 5 
 6 
Trap captures 7 
Overall trap captures varied significantly among habitat types (χ2 = 42.812, df = 3, p 8 
< 0.001). Mean (± 1S.E.) captures per trap, per sample month were greater in the 9 
woodland grain (176.8 ± 46.7) and grassland grain study sites (106.2 ± 67.2) 10 
compared to grassland non grain (6.8 ± 3.1) and woodland non grain (4.2 ± 1.7). Not 11 
only did number of captured insects vary between habitats but so too did the seasonal 12 
timing of peak captures (Figure 11). 13 
 
 
42 
 
 1 
Figure 11. Seasonal trap captures of R. dominica among grassland grain (GG), 2 
grassland non grain (GNG), woodland grain (WG) and woodland non grain (WNG) 3 
habitats assessed throughout the Darling Downs landscape. Note differences in scale.  4 
 5 
Maximum trap captures occurred in grassland grain and woodland grain sites 6 
during the November 2011 sample period following a noticeable increase from 7 
October although this increase began earlier in the woodland grain sites. By the 8 
October sampling period mean monthly trap captures (± 1 Standard Error) in the 9 
grassland grain site had reached 124.3 (±14), whilst by the same time, mean monthly 10 
trap captures in woodlands had reached 307.3 (±115). Overall captures were higher 11 
in the woodland site compared to the grassland grain site. Captures decreased 12 
dramatically after the November sampling period and by January captures in 13 
grasslands and woodlands had both dropped substantially. Few captures occurred 14 
after April in grassland grain or woodland grain sites. 15 
 16 
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Trap captures in non grain sites remained comparatively low throughout the 1 
year. Captures were first recorded in woodland non grain sites during October 2011 2 
and later during November 2011 in grasslands. Captures in the woodland non grain 3 
site had ceased by April 2012, reaching a peak of 17.6 ± 7 during February 2012. In 4 
grasslands captures ended in May 2012 reaching a peak of 30.3 ± 7 during the 5 
December 2011 sample period. 6 
 7 
Environmental conditions and trap captures of R. dominica around wheat 8 
storage facilities (experiment 2) 9 
Environmental conditions were similar between the linear and radial transects 10 
however wind speeds were generally higher at the linear transect. Substantial 11 
variation was also recorded in trap captures between transect sites. The timing of 12 
captures was the same at both transect sites however greater numbers of R. dominica 13 
were caught at the linear transect. 14 
 15 
Environmental conditions 16 
Monthly trends in temperature, rainfall and wind speed varied between linear 17 
and radial transect sites (Figures 12, 13 and 14). Temperatures and wind speeds were 18 
generally higher at the linear transect compared to the radial transect. At both 19 
transects, rainfall peaked during the October 2011 sample period, however there was 20 
a secondary peak during the February sample period at the radial transect.  21 
 22 
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Figure 12. Mean monthly temperatures at the linear (solid line) and radial (dashed 1 
line) transect sites.  2 
 3 
 4 
Figure 13. Mean monthly wind speeds at the linear (solid line) and radial (dashed 5 
line) transect sites.  6 
 7 
 8 
Figure 14. Total monthly rainfall at the linear (solid line) and radial (dashed line) 9 
transect sites. Data based on sum of daily totals from each sample period.  10 
 11 
Trap captures 12 
Total captures varied between linear and radial transects. 13854 R. dominica 13 
were caught at the linear transect whilst 6252 were caught at the radial transect from 14 
July 2011 to June 2012. Similarly to the landscape data, captures also varied among 15 
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sample periods and the total monthly captures for both transects peaked during the 1 
November 2011 sampling period (Figure 15). Accumulated monthly captures as a 2 
factor of distance between trap and storage facility, result in similar trends between 3 
transect designs (Figure 16). 4 
 5 
Figure 15. Seasonal trap captures at the linear (top) and radial (bottom) transect sites. 6 
Bars indicate total insects caught during each sample month at both transect sites. 7 
 8 
Figure 16. Trap captures in relation to distance to nearest wheat storage facility 9 
ranging from 0 to 5 kilometers. Bars represent monthly totals at each trap distance 10 
and at both transect designs.  11 
 
 
46 
 
Environmental conditions and trap captures of R. dominica in the greater 1 
Brisbane study region (experiment 3) 2 
 3 
Environmental conditions 4 
Mean monthly temperatures were highest in February in both urban and peri 5 
urban sites reaching 25.3°C and 24.5°C respectively. Lowest temperatures occurred 6 
during the June 2012 sample period with 16°C and 16.2°C in urban and peri urban 7 
site respectively. Wind speeds were similar between sites with speeds in urban 8 
habitats ranging from 7-11 Km.hr-1. Wind speeds in peri urban sites ranged from 8-9 
11.8 Km.hr-1. Monthly rainfall totals peaked across the Brisbane and surrounds 10 
landscape during the February sampling period. Rainfall totals were generally greater 11 
in peri urban sites compared to urban sites and maximum totals reached 536.4mm 12 
and 428.5mm respectively. Temporal trends in temperatures, wind speeds and 13 
rainfall throughout the greater Brisbane study region are shown in figures 17, 18 and 14 
19.   15 
 16 
 17 
Figure 17. Mean monthly temperatures in peri urban (solid line) and urban (dashed 18 
line) sites located in the greater Brisbane study region. Temperature trends recorded 19 
from January 2012-June 2012. 20 
 21 
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 1 
 2 
Figure 18. Mean monthly wind speeds in peri urban (solid line) and urban (dashed 3 
line) sites located in the greater Brisbane study region from January 2012-June 2012. 4 
 5 
 6 
Figure 19. Total monthly rainfall in peri urban (solid line) and urban (dashed line) 7 
sites. Data based on sum of daily totals from each sample month. 8 
 9 
Trap captures 10 
Over a period of 6 months, 290 individuals were caught in the Brisbane study 11 
region with 78 insects caught in urban sites and 212 caught in peri-urban sites 12 
(Figure 20). Average monthly captures (± 1 S.E.) ranged from 4.3 ± 0.9 in urban 13 
habitats to 11.8 ± 2.5 in peri-urban sites. Throughout the Brisbane study region, peak 14 
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captures occurred in February and March in the urban site and during May in the peri 1 
urban site. There was a significant difference in trap captures between urban and peri 2 
urban sites (U = 84, p = 0.013). 3 
 4 
 5 
Figure 20. Mean monthly trap captures (±1S.E.) of R. dominica in peri urban (top) 6 
and urban (bottom) habitats. 7 
 8 
9 
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DISCUSSION 1 
 2 
An assessment of habitats at the landscape scale has indicated that the Darling 3 
Downs study region of south east Queensland is characterised by heterogeneity 4 
among habitats at the landscape scale. Although wheat dominates parts of the 5 
landscape from June until December, throughout the broader landscape, a range of 6 
vegetation types including crop and non crop (i.e. grasslands, forestry) patches can 7 
be found. These offer potential food resources for R. dominica and can be located 8 
within a range of habitat types. In addition to habitat resources, climatic conditions 9 
also appear to vary substantially between habitats. Perhaps not surprisingly given the 10 
variation recorded in conditions and habitat types, trap captures of R. dominica also 11 
differed between habitats at the landscape scale. Trap captures within a range of 12 
spatially spearate habitats suggest that R. dominica may be distributed over broad 13 
areas and are not solely dependent on stored wheat. Furthermore and apparently for 14 
the first time, R. dominica has been trapped in residential habitats located in the 15 
Brisbane region, substantial distances from any forms of bulk wheat cultivation and 16 
storage. This provides evidence for a broad scale distribution of R. dominica. 17 
Describing the variation among habitats can help to identify how R. dominica are 18 
distributed at the landscape scale.  19 
 20 
Habitat conditions at the landscape scale 21 
The current study indicates that environmental conditions were generally 22 
similar between grasslands and woodlands within grain study sites and similarly 23 
grasslands and woodlands within non grain sites, yet increased variation was shown 24 
between grain and non grain sites. Topographic variation can lead to temperature 25 
differences at the landscape scale (Clinton 2003). Grasslands and woodlands in grain 26 
were located at approximately 480 metres above sea level compared to non grain 27 
habitats that were located at approximately 880 metres above sea level. Topographic 28 
variation throughout the Darling Downs is certainly contributing to landscape scale 29 
variation in environmental conditions. 30 
 31 
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In addition wind speeds were generally slower in non grain habitats compared 1 
to grain habitats. Similarly to temperatures however, little variation was recorded 2 
between grasslands and woodlands within grain and within non grain areas. Overall 3 
rainfall totals were similar between grain and non grain habitats however in grain 4 
habitats, rainfall was greater in grasslands compared to woodlands. Yet in non grain 5 
habitats, rainfall was greater in woodlands compared to grasslands. 6 
 7 
A lack of variation, most noticeably in wind speeds, between grasslands and 8 
woodlands is somewhat unexpected. It was assumed that the open environment of 9 
grassland habitats might allow for increased wind speeds in grasslands compared to 10 
woodland habitats. It is possible that recording mean wind speeds at monthly 11 
intervals fails to highlight the finer scale variations that might be expected between 12 
two different types of habitat. The fact that woodlands and grasslands were separated 13 
by approximately 4km suggests however, that wind speeds might indeed be similar 14 
between these habitats. 15 
 16 
Environmental conditions at the linear and radial transect sites, surrounding 17 
stored wheat, were similar to conditions in GG and WG habitats. Habitats used in the 18 
assessment of conditions around stored wheat facilities were located in a similar 19 
environment to grassland grain and woodland grain habitats. Both transect sites and 20 
grain study sites were situated in the north of the Darling Downs study region and 21 
therefore likely experience similar climatic conditions. There were two main 22 
differences in temporal trends of wind speeds and temperature between the transect 23 
sites with marginally cooler temperatures and slower wind speeds recorded at the 24 
radial transect. Consistently slower wind speeds at the radial transect site compared 25 
to the linear transect site may be at least partly explained by the location of the two 26 
transect sites. The linear transect was located in a relatively flat and open landscape 27 
where the potential for high winds is increased (Brady, Gibson et al. 1989). In 28 
contrast the radial transect was situated near the Great Dividing Range and is 29 
therefore probably sheltered from prevailing winds. 30 
 31 
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Along with climatic conditions, food resources also vary throughout the 1 
Darling Downs. Woodland and grassland habitats that can harbour populations of R. 2 
dominica (Mahroof, Edde et al. 2010) were situated in areas dominated by wheat 3 
production as well as in areas where no wheat production was occurring. Many of the 4 
species of shrubs and trees that have been reported to sustain R. dominica (Wright, 5 
Fleming et al. 1990, Jia, Toews et al. 2008) have representatives occurring 6 
throughout eastern Australia including species from the Aceraceae, Leguminosae, 7 
Moraceae, Rosaceae and Fagaceae families (Groves, Hill et al. 2002).  8 
 9 
It is possible that R. dominica trapped in grasslands and woodlands in non 10 
grain study sites across the Darling Downs region are surviving due to the 11 
exploitation of hosts other than wheat. Woodlands and grasslands were also located 12 
in the vicinity of wheat production practices, potentially providing an alternate food 13 
source for R. dominica to utilise prior to large stores of wheat becoming available in 14 
November and December. Wheat seed was present in the field from September until 15 
December, when it was harvested and moved from the field into storages. These 16 
storages could be found throughout some crop fields located near grain sites in the 17 
north of the Darling Downs study region.  18 
 19 
Trap captures of R. dominica at the landscape scale 20 
All traps used in the study detected R. dominica however captures varied 21 
between habitats at the landscape scale. Interestingly, trap captures were similar 22 
between grassland grain and woodland grain sites and likewise between grassland 23 
non grain and woodland non grain sites. Short distances between grassland and 24 
woodland habitats in each of grain and non grain study sites may be leading to 25 
similar trap captures although it was hypothesised that grasslands and woodlands 26 
may harbour different numbers of insects. Greater numbers of R. dominica were 27 
recorded in woodlands compared to open prairie habitats in the US (Mahroof, Edde 28 
et al. 2010), however this was assessed using a mark and recapture study and did not 29 
aim to assess population dynamics at the landscape scale. In the current study, 30 
consistently more trap captures were recorded in woodland grain habitats compared 31 
to grassland grain habitats yet within non grain habitats more insects were recorded 32 
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in grasslands compared to woodlands. This in part reflects the differences in 1 
environmental conditions and habitat resources that may be contributing to variation 2 
in trap captures between habitats. Further analysis would be required to determine 3 
this. 4 
 5 
Trap captures of R. dominica in transect habitats generally decreased at 6 
increasing distances to grain storages up to a maximum distance of 5km. A 7 
relationship between trap captures and distance to the nearest grain storage structure 8 
could indicate that storage structures impact on trap captures. Captures can indicate 9 
variations in flight activity and abundance and understanding how trap captures are 10 
influenced by proximity to the nearest grain storage facility could help to determine 11 
how the dynamics of R. dominica are impacted on by stored wheat. 12 
 13 
Differences in trap captures between habitats could be occurring in accordance 14 
with differences in climatic conditions and habitat resources throughout the Darling 15 
Downs. Habitat variation can have an impact on insect species occurring throughout 16 
heterogeneous landscapes. Often population dynamics such as distribution, activity 17 
and abundance will reflect climatic and resource heterogeneity between habitats at 18 
the landscape scale (Vandermeer and Carvajal 2001, Carrière, Ellsworth et al. 2006). 19 
Varied trap captures recorded in the current study could reflect the habitat 20 
heterogeneity characteristic of the Darling Downs yet further analysis would be 21 
required to confirm this. 22 
 23 
Spatial distribution of R. dominica in south east Queensland 24 
Results from the greater Brisbane study region demonstrate for the first time, 25 
that R. dominica is capable of inhabiting urban and peri urban habitats and also that 26 
environmental conditions associated with this region are suitable for flight activity in 27 
R. dominica particularly in peri urban habitats where consistent captures were 28 
recorded. Habitat conditions including available resources and seasonal trends in 29 
wind speeds, temperature and rainfall varied between habitats as did trap captures. 30 
 31 
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Wind speed trends were similar between urban and peri urban habitats 1 
although marginally greater in peri urban habitats for the duration of the study. 2 
Temperatures on the other hand were slightly greater in urban habitats compared to 3 
peri urban habitats, until May and June, when they dropped below temperatures in 4 
peri urban habitats. Rainfall trends were similar between urban and peri urban 5 
habitats and both habitats experienced a peak during February. In tropical regions 6 
such as south east Queensland, heavy rains generally occur in the summer months. 7 
 8 
Whilst both urban and peri urban habitats may be able to sustain R. dominica 9 
populations, variability in trap captures were recorded between habitats. Trap 10 
captures in urban habitats peaked during February and March and tapered off as 11 
temperatures began to fall. In contrast, trap captures in peri urban habitats began at 12 
low levels before steadily increasing to reach a peak in May, after maximum 13 
temperatures occurred in both habitats during February. Trap captures in urban 14 
habitats were generally less variable then captures in peri urban habitats. 15 
 16 
At first appearance, there are few potential hosts for R. dominica in urban 17 
habitats compared to peri urban habitats or agricultural landscapes. It is possible that 18 
R. dominica may utilise resources associated with non crop vegetation located 19 
throughout urban habitats. Of other potential food resources, household food stores 20 
(i.e. flour made from ground wheat) or small amounts of stored grains used for 21 
poultry may be exploited by R. dominica, however there is no apparent evidence of 22 
this occurring. Furthermore it is unlikely that grain resources within urban or peri 23 
urban habitats are sufficient to sustain damaging abundances of R. dominica 24 
similarly to those occurring in grain habitats. A variety of vegetation types could be 25 
found throughout peri urban habitats and although grasslands and woodlands could 26 
not be identified, vegetation was plentiful. 27 
 28 
Trap captures recorded in urban and peri urban habitats more closely resemble 29 
seasonal trap captures of R. dominica in non grain habitats rather than grain habitats 30 
from the Darling Downs landscape. The most evident similarity between non grain 31 
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and residential habitats is the total number of insects trapped. In both residential and 1 
non grain habitats far fewer insects were caught than in grain habitats. Increased 2 
natural vegetation in peri urban habitats may be related to increased trap captures 3 
compared to urban habitats where potential hosts are likely scarce. Non agricultural 4 
resources such as trees, shrubs, seeds and timber substances may provide the 5 
resources necessary for survival of R. dominica in urban, peri urban habitats that are 6 
located substantial distances from the cultivation or storage of wheat. 7 
 8 
Extended monitoring studies in residential habitats would be required to 9 
determine the seasonal population dynamics of R. dominica in these types of 10 
habitats. In addition, it would be beneficial to determine what constitutes the diet of 11 
R. dominica persisting throughout these habitats as the availability of grain, 12 
particularly wheat, is limited. 13 
 14 
The current study indicates that R. dominica can consistently be caught throughout a 15 
range of habitats in south east Queensland. This study has also demonstrated that 16 
environmental conditions and trap captures of R. dominica vary at the landscape 17 
scale. The variations in dynamics appear somewhat consistent with the level of 18 
landscape heterogeneity recorded between habitats, specifically in terms of 19 
environmental conditions and available host materials. In addition there appears to be 20 
a relationship between trap captures of R. dominica and stored wheat facilities over 21 
broad spatial scales, up to 5km away from storages. The assessment of the greater 22 
Brisbane study region has indicated that R. dominica are potentially capable of 23 
exploiting habitats far removed from any form of wheat cultivation or storage and 24 
that this species occurs over a broad spatial range throughout south east Queensland. 25 
 26 
The factors sampled in the current study may have varied affects on the flight 27 
activity and abundance of R. dominica located in different habitats occurring at the 28 
landscape scale and an understanding of these factors may indicate the establishment 29 
of separate populations of R. dominica. Alternatively, similar responses to habitat 30 
conditions among populations at the landscape scale may suggest similarities in the 31 
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origin of insect populations. Comparing and contrasting the influence of different 1 
environmental and habitat factors on flight activity of R. dominica at the landscape 2 
scale would therefore be necessary to help describe patterns in spatial distribution 3 
activity and abundance and would therefore be beneficial in the management of this 4 
species.  5 
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Chapter 3: LANDSCAPE SCALE 1 
FACTORS EFFECTING RHYZOPERTHA 2 
DOMINICA DYNAMICS IN SOUTH EAST 3 
QUEENSLAND 4 
INTRODUCTION 5 
 6 
Flight activity and abundance of R. dominica can be influenced by environmental 7 
factors such as temperature, wind speed and rainfall and can also be effected by the 8 
availability of various host resources (Aslam, Hagstrum et al. 1994, Helenius 1997, 9 
Tscharntke, Klein et al. 2005, Bianchi, Booij et al. 2006, Jia, Toews et al. 2008). An 10 
understanding of how different factors influence dynamics of R. dominica in 11 
different habitats at the landscape scale can help to characterising the activity and 12 
abundance this species throughout south east Queensland.  13 
 14 
Identifying and characterising the effects of several factors on population dynamics 15 
of R. dominica across many habitats can be difficult because various factors may be 16 
simultaneously acting on populations, making it hard to quantify the individual 17 
effects of some factors. Furthermore, the influence of some factors may change 18 
through time and space. A broad scale trapping approach results in a collection of 19 
habitat specific data that can reveal information on insect activity and abundance 20 
(Daglish, Ridley et al. 2010). It has also been demonstrated that factors responsible 21 
for short term variation in landscape conditions (i.e. climatic events, photophase) 22 
primarily influence insect activity (Aslam, Hagstrum et al. 1994, Hodges, Addo et al. 23 
2003). Alternatively, factors that represent long term landscape variation (i.e. 24 
seasonal fluctuation in resources) are likely to be related to changes in population 25 
abundances (Williams 1961, Drake 1994).  26 
 27 
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Previous studies have identified relationships between dynamics of R. 1 
dominica in and around wheat processing and handling facilities and fluctuations in 2 
environmental conditions such as air temperatures and wind speeds. Wright and 3 
Morton (1995) demonstrated a positive effect of temperature on flight activity of R. 4 
dominica around a wheat storage shed in Griffith, Australia. At a seed warehouse in 5 
Manhattan, Toews (2006) found that flight activity of R. dominica was most 6 
influenced by air temperature and wind speed during the summer months, and by 7 
wind speeds and dew points (water-to-air saturation temperature) during the autumn 8 
months. Similarly, Edde (2006) found that 80% of the variation in trap captures of R. 9 
dominica from grain elevator sites in central Oklahoma was explained by weekly 10 
means of 8 weather variables including minimum and maximum temperature, wind 11 
speed and rainfall. It was also demonstrated that environmental variables had a 12 
greater impact on flight activity in forested areas compared to grain elevator sites. 13 
The individual effects of temperature, humidity and starvation on flight have also 14 
been assessed for the larger grain borer (Prostephanus truncatus) (Fadamiro and 15 
Wyatt 1995). This was carried out under laboratory conditions and used analysis of 16 
variance to assess the effects of each factor. 17 
 18 
Insect dynamics are typically recorded with the use of count data and analysis 19 
is often based on statistical techniques such as analysis of variance (ANOVA), linear 20 
regression and correlation. These statistical procedures are generally based on 21 
assumptions that rely on normally distributed data, homogeneity of variances and 22 
independence. However insect count data will often be characterised by features such 23 
as a high level of dispersion and or a high zero count. Such characteristics typically 24 
violate the assumptions of traditional statistical analysis methods such as ANOVA or 25 
linear regression and often an attempt to transform or adjust the data will be made 26 
(Sileshi 2006, Gonzales-Barron, Kerr et al. 2010).  27 
 28 
In more recent times, a range of advanced statistical analysis tools have 29 
become available to ecologists. Generalized linear mixed models (GLMM’s) are a 30 
flexible and widely used class of such tools that can accommodate a range of 31 
ecological scenarios whereby sampling methods may produce data with 32 
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characteristics that can violate the assumptions of more traditional statistical analysis 1 
procedures (Min and Agresti 2002). They are robust enough to handle non normal 2 
response data and represent an alternative approach to nonparametric data analysis 3 
and the use of transformed data. With the use of a priori knowledge and the GLMM 4 
framework, several inferences and hypotheses can be confidently formulated, tested 5 
and compared. In the case of conditions affecting the flight activity of R. dominica, 6 
several different factors may be involved. Generalised linear mixed models provide a 7 
means to test the relative effect of each of these factors. 8 
 9 
Generalized linear mixed models are extensions of linear mixed models and are 10 
used to describe the relationship of a response variable to a predictor or many 11 
predictor variables that are thought to be influencing the response variable (Nelder 12 
and Wedderburn 1972). Estimated model parameters provide measures of the 13 
strength of the relationship between the response variable and input variable(s). The 14 
response variable reflects the outcome to be modelled. Predictor variables can 15 
involve fixed or random values (Kachman 2000). Fixed variables are generally 16 
explicitly measured or recorded as part of the experiment and typically the variance 17 
associated with fixed variable values is of interest in the context of the study (e.g. 18 
temperature, humidity or number of trees per unit area). Random factors often 19 
represent added repetition to the study in the form of extra sampled plots or repeated 20 
sampling efforts for example (Lam, Xue et al. 2006, Bolker, Brooks et al. 2009). The 21 
variance associated with these factors is not necessarily of interest to the study (e.g. 22 
repeated sampling weeks, sites or plots). Predictor variables can be included in a 23 
linear model as individual factors (e.g. response variable = predictor variable A + 24 
predictor variable B) or as interactive factors (e.g. response variable = predictor 25 
variable AB). The interaction between variables A and B implies that the effect of A 26 
on the response variable relies on the values of B and that the effect of B on the 27 
response variable relies on the values of A. Interactions can be included in linear 28 
mixed models to help identify how the effects of fixed input variables vary under 29 
different scenarios (i.e. how the effects of rainfall vary between deserts). 30 
 31 
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The fundamental structure of the GLMM is similar to that of the linear mixed 1 
model with the addition of two vital features. The generalised linear mixed model 2 
requires the specification of the distribution and link functions, which are necessary 3 
in generalising the relationship between predictor and response variables. 4 
Distribution families refer to the conditional distribution of the response variable, 5 
and the link function is generally based on the distribution family chosen. For 6 
example, under the normal distribution, the identity link function is utilised whilst 7 
under the Poisson distribution, the log link function is typically used (Bolker, Brooks 8 
et al. 2009). In summation, GLMM’s provide an effective method of analysis when a 9 
particular ecological process under question is influenced by a wide range of factors, 10 
and furthermore, when the relationship between the process and the factors is not 11 
necessarily linear. 12 
 13 
The previous chapter identified habitat differences in terms of conditions, 14 
resources and trap captures of R. dominica at the landscape scale in the Darling 15 
Downs region and beyond, throughout south east Queensland. Habitats vary in terms 16 
of environmental conditions including temperature, wind speeds and rainfall, and the 17 
range of host types available, broadly ranging from grain (wheat cultivation and 18 
storage practices) to non grain (alternate practices with non wheat cultivation or 19 
storage). However the factors affecting the dynamics of R. dominica in different 20 
habitats throughout south east Queensland remain largely unknown.  21 
 22 
In this chapter the influence of environmental factors on the population 23 
dynamics of R. dominica throughout south east Queensland habitats will be 24 
determined using GLMM’s. This will be carried out at a spatial scale that will extend 25 
beyond grain habitats containing large scale handling facilities and into non grain 26 
habitats. The individual effects of a range of factors including temperature, rainfall, 27 
wind speeds, and different host types on trap captures will be determined. The 28 
influence of these factors on R. dominica trap captures in spatially discrete habitats 29 
will also be assessed. With the use of sophisticated statistical analysis techniques, the 30 
influence of habitat conditions on the dynamics of R. dominica under field conditions 31 
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of south east Queensland will be determined. This information will help in 1 
understanding the landscape ecology of R. dominica.  2 
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METHODOLOGY AND ANALYSIS 1 
 2 
Of the factors assessed in chapter 2, those responsible for effecting dynamics 3 
of R. dominica were identified and quantified using a statistical modelling and 4 
inference approach under the generalized linear mixed model (GLMM) framework. 5 
Interpreting results and quantifying the effects of a range of factors from a various 6 
habitat types on trap captures is achieved via both hypothesis testing, and the 7 
formulation of theoretic inferences based on model comparisons. The current study 8 
applies the generalised linear mixed modelling procedure to landscape scale trap 9 
capture data of R. dominica from habitats throughout south east Queensland (Chapter 10 
2). These data are characterised by high zero counts, many of which were recorded 11 
during the colder months of the study. Given the distribution of the response 12 
variable, GLMM’s were used with a negative binomial distribution and the 13 
cannonical log link function. The negative binomial distribution family is used to 14 
account for over-dispersion (whereby the variance is greater than the sample mean) 15 
in the response (Sileshi 2006). When using the negative binomial response 16 
probability distribution, the cannonical log link function is used to describe the 17 
relationship between variance in the indicator variables to the variance in the 18 
response variable (Bolker, Brooks et al. 2009). Models were conducted with the 19 
glmm.admb package (Skaug, Fournier et al. 2012) using the  R statistical language 20 
(R Development Core Team 2012).  21 
 22 
Factors influencing trap captures were identified and compared based on the 23 
Akaike Information Criterion (AIC) scores produced from each model involving 24 
each factor. The inclusion of each factor to a null model (involving no input fixed 25 
indicator variables) represents a new model which describes trap captures as a 26 
function of each factor. Using AIC scores to compare models represents an 27 
information theoretic approach and penalises for the addition of parameters thus 28 
selecting a model which fits the data well but reduces the number of variables to 29 
ensure simplicity and parsimony (Burnham and Anderson 2004, Sileshi 2006). 30 
Factor models that are an improvement to the null model by at least 2 AIC scores 31 
(Burnham, Anderson et al. 1995) were considered significant and thus the variable 32 
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that was included was considered significant in influencing R. dominica trap 1 
captures. 2 
 3 
Three null models, one for landscape data from the Darling Downs study 4 
region, one for data collected around on farm stored wheat facilities and one based 5 
on data from the greater Brisbane study region, were created. Whilst null models 6 
contained no predictor variables, they did consist of a response variable, in this case 7 
trap captures, and two random input variables. In order to account for variance 8 
associated with individual traps and repeated sampling measures, random variable 9 
trap and month were also included in the null models. Each factor was added to each 10 
of the null models creating three sets of nested models, one for each study design. 11 
Nested models were then statistically compared based on AIC scores.  12 
 13 
Factors tested across the Darling Downs landscape were habitat, land use, 14 
temperature, rainfall, wind speeds and the availability of wheat in the field. The 15 
availability of wheat in the field refers to the time at which the wheat plant begins the 16 
heading stage. This typically precludes the emergence of flowers and seeds (Stapper 17 
1986). Given that both urban and peri urban habitats were characterised by 18 
residential land use practices, the land use factor was not assessed in the Brisbane 19 
and surrounds landscape (see Table 5 for a full explanation of factors used in the 20 
modelling procedures). The formation of each model can be thought of as a separate 21 
hypothesis, each describing the individual effects of various environmental factors on 22 
trap captures of R. dominica. In most cases the individual effects of different factors 23 
were of interest and therefore saturated models were avoided. Interaction terms were 24 
included when the effects of predictor variables were assessed between different 25 
habitats. 26 
   27 
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Table 5. Variables used in the GLMM analysis of trap captures of R. dominica. 1 
 2 
3 
Variable 
Variable type and 
description 
Notes 
Trap 
captures 
Dependent variable, high 
variance, over-
dispersion. Also known 
as response variable 
Response variable representing numbers of R. 
dominica captured See Figure 2 and Table 1 for 
study site and trap locations. 
Trap 
Random, categorical 
input variable.  
Accounts for variance associated with individual 
traps used in the study. 
Month 
Random categorical 
input variable 
Accounts for variance associated with repeated 
sampling periods. 
Land use 
Fixed categorical input 
variable with 2 levels 
Grain and non grain practices on the Darling 
Downs. Not included in analysis of dynamics at 
transects or within Brisbane study region. 
Habitat 
Fixed categorical input 
variable with 2 levels 
Grasslands and woodlands on Darling Downs. 
Linear and radial transects. Urban and peri urban 
habitats in Brisbane study region. 
Temperatur
e 
Continuous, fixed input 
variable. 
Recorded in each study site using sensors and 
based on means of daily averages from each 
month. 
Wind speed 
Continuous, fixed input 
variable. 
Recorded in each study site. Data from nearest 
Bureau of Meteorology weather station and based 
on means of daily averages for each sampling 
period. 
Rainfall 
Continuous, fixed input 
variable. 
Recorded in each study site. Data from nearest 
Bureau of Meteorology weather station and based 
on monthly totals. 
Wheat  Binary, fixed variable 
Recorded in GG and WG habitats only and 
indicates if wheat is present or absent in the field 
Distance to 
grain 
storage 
Categorical fixed 
variable with 5 levels 
Used in analysis of transect data. Refers to 
kilometre intervals from each on farm storage 
structure. 
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The output of the model returns a series of parameter estimates that describes 1 
the statistical effect of each of the terms under that model hypothesis. In cases where 2 
categorical input variables contain two terms (i.e. land use: grain and non grain), 3 
estimates of one term represent the relative effect of that term compared to the other 4 
term, also called the reference term. In the results the reference term is mentioned 5 
and statistics are shown in parentheses and the relative effects of the term mentioned 6 
in comparison to the other variable term are indicated by either a positive or negative 7 
sign. Parameter estimates, calculated using the Laplace method (Fournier, Skaug et 8 
al. 2011), and associated p values are reported. These estimates provide statistical 9 
evidence of the effect of all parts of the model.   10 
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RESULTS 1 
 2 
Factors affecting trap captures of R. dominica in different habitats on the 3 
Darling Downs 4 
 5 
Data from the Darling Downs study region showed high zero counts, 6 
contributing to over dispersion (Figure 21 (var = 30100.9, range = (0, 1309))). 7 
 8 
 9 
Figure 21. Frequency of landscape scale trap captures collected from the Darling 10 
Downs study region. Bars represent frequency of insects captured per month per trap. 11 
A high abundance of traps returning zero captures necessitates the use of zero 12 
inflated negative binomial generalised linear mixed models. 13 
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Land use and habitat  1 
Land use practices influenced trap captures of R. dominica at the landscape 2 
scale (∆AIC = 150.06), with increased captures in grain compared to non grain 3 
habitats (Non grain = -2.87, p < 0.001) (Table 6). In contrast, the effect of habitat on 4 
trap captures was negligible resulting in a less accurate model than the null (∆AIC = 5 
+1.9). Including land use and habitat as an interaction improves model accuracy 6 
(∆AIC = 169.8) with the effects of land use (Non grain = -2.79, p < 0.001) 7 
outweighing the effects of habitat (Woodlands = 0.47, p < 0.001). The interaction 8 
term however was not significant (land use x habitat = 0.58, p = 0.06). The use of 9 
land for growing and storing wheat results in significantly greater captures of R. 10 
dominica regardless of the effects of woodland or grassland habitats (Figure 22).  11 
 12 
Figure 22. Mean number of R. dominica captured (± 1.S.E) per trap per month in 13 
relation to land use practices and habitat.  14 
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Temperature, wind and rainfall 1 
Temperature had the largest individual effect on R. dominica trap captures of 2 
all factors tested (∆AIC = 151.33). Landscape scale trap captures of R. dominica 3 
throughout the Darling Downs were also influenced by wind speeds (∆AIC = 4 
118.78), however total monthly rainfall (∆AIC = 1.72) had no discernible effect on 5 
flight activity (Figure 23). 6 
 7 
Figure 23 Parameter estimates of the effects of factors temperature, wind speed and 8 
rainfall on trap captures of R. dominica according to GLMM analysis. Horizontal 9 
bars indicate (±1 S.E.). Note that the intercept parameter has been removed. 10 
 11 
As mentioned the interaction between land use and habitat was not significant 12 
(Land use x habitat = 0.58, p = 0.069), however interaction terms involving 13 
environmental factors showed that the effects of temperature, wind speed and rainfall 14 
on trap captures varied between study sites. Temperature had a significantly greater 15 
effect on trap captures in non grain sites compared to grain sites (Land use x 16 
temperature = 0.67, p < 0.001) (Figure 24). Other significant interactions showed that 17 
wind speeds had a greater effect on trap captures in grain habitats compared to non 18 
grain habitats (Land use x wind speed = 0.48, p = 0.031), whilst the effects of rainfall 19 
on the number of R. dominica captured were marginally but significantly greater in 20 
non grain habitats compared to grain habitats (Land use x total monthly rainfall = 21 
0.01, p < 0.001). The effects of rainfall on the number of R. dominica captured were 22 
also significantly greater in grasslands compared to woodlands (Habitat x total 23 
monthly rainfall = 0.01, p = 0.028) (Table 6). 24 
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Table 6. AIC weights (∆AIC) of main effects of landscape scale factors influencing 1 
trap captures of R. dominica on the Darling Downs. Parameter estimates provided to 2 
indicate interaction effects of model parameters. Main effects are shaded.  3 
 4 
Model Parameters Parameter Estimates p value AIC ∆ AIC 
Null Intercept 3.73 <0.001 1115.6 Null Model 
Land use Land use 2.87 <0.001 965.5 150.1 
Habitat Habitat 0.06 0.75 1117.5 +1.9 
Land use x 
Habitat 
Land use 
Habitat 
Land use x Habitat 
2.79 
0.47 
0.58 
<0.001 
<0.001 
0.069 
945.7 169.8 
Temperature Temperature 0.82 <0.001 964.2 151.3 
Temperature x 
Land use 
Land use 
Temperature 
Land use x Temperature 
12.74 
0.47 
0.67 
<0.001 
<0.001 
<0.001 
906.5 209.0 
Temperature x 
Habitat 
Habitat 
Temperature 
Habitat x Temperature 
1.47 
0.81 
0.07 
0.05 
<0.001 
0.05 
964.6 150.9 
Wind speed Wind speed 0.50 <0.001 996.8 118.7 
Wind speed x 
Land use 
Land use 
Wind speed 
Land use x Wind speed 
2.72 
-0.82 
0.48 
0.191 
<0.001 
0.031 
949.5 166.1 
Wind speed x 
Habitat 
Habitat 
Wind speed 
Habitat x Wind speed 
0.93 
0.51 
0.09 
0.186 
<0.001 
0.055 
982.8 132.7 
Rainfall Rainfall -0.01 0.057 1113.8 1.7 
Rainfall x 
Land use 
Land use 
Rainfall 
Land use x Rainfall 
3.86 
-6.23e-3 
0.01 
<0.001 
0.004 
<0.001 
954.0 161.5 
Rainfall x 
Habitat 
Habitat 
Rainfall 
Habitat x Rainfall 
0.97 
-7.15e-3 
0.01 
0.015 
0.265 
0.028 
1111.6 3.9 
Wheat  Wheat 1.22 <0.001 1114.8 0.7 
Wheat x Land 
use 
Land use 
Wheat 
Land use x wheat 
0.85 
2.81 
1.26 
0.114 
0.006 
<0.001 
951 164.6 
Wheat x 
Habitat 
Habitat 
Wheat 
Habitat x Wheat 
0.13 
1.26 
0.39 
0.824 
0.090 
0.895 
1118.7 +3.1 
 5 
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 1 
Figure 24. Parameter estimates of the main effects of factors land use, and 2 
temperature as well as the interaction effects (top). Figure shows the greater relative 3 
strength of the effects of temperature in non grain habitats (0.67) compared to grain 4 
habitats (reference term). Note that the intercept parameter has been removed. 5 
 6 
Wheat availability in the field 7 
Wheat was present in the field from September until November in grassland 8 
grain and woodland grain habitats. This factor had no main effect on trap captures of 9 
R. dominica, (∆AIC = 0.78) yet significant interaction effects showed a greater 10 
influence of wheat seed in the field on trap captures in grain habitats (∆AIC = 164.6, 11 
Figure 25).  12 
 13 
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Figure 25. Trap capture variation related to the availability of wheat in the field on 1 
trap captures of R. dominica in both grasslands (dark) and woodlands (light) within 2 
grain (top) and non grain (bottom) sites. Note adjusted scale. 3 
 4 
The influence of factors on flight activity of R. dominica around stored wheat 5 
facilities 6 
 7 
Data collected from habitats around on farm stored wheat facilities at the radial 8 
and linear transects showed high zero counts. Sample variance and range of trap 9 
capture results indicate substantial over-dispersion (var = 46 882. 5, range = (0, 10 
1140)).  11 
 12 
Transect design had the greatest individual effect on trap captures of R 13 
dominica around grain storage facilities (∆AIC = 47.27), with significantly greater 14 
captures occurring at the linear transect compared to the radial transect (Linear = 15 
0.82, p <0.001). Wind speeds had a positive effect on trap captures (∆AIC = 38.5), 16 
followed by distance from the nearest storage facility (∆AIC = 31.77) and 17 
temperature, which also had a positive effect on trap captures (∆AIC = 24.82). There 18 
were no main effects of rainfall on trap captures of R. dominica around stored wheat 19 
facilities (∆AIC = + 1.07) (Table 7). 20 
 21 
Table 7. AIC weights (∆AIC) of main effects of factors influencing trap captures of 22 
R. dominica at transect sites according to GLMM analysis. Parameters estimates 23 
provided to describe interaction effects. Main effects are shaded. 24 
 25 
Model Parameters Parameter Estimates p value AIC ∆ AIC 
Null Intercept 3.87 <0.001 1347.7 Null Model 
Design Design -0.82 <0.001 1300.4 42.2 
DTGS DTGS -0.19 <0.001 1315.9 31.7 
Design x 
DTGS 
Design 
DTGS 
Design x DTGS 
0.65 
-0.07 
0.09 
<0.001 
0.208 
0.036 
1237.1 110.5 
Temperature Temperature 0.28 <0.001 1322.9 24.8 
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Model Parameters Parameter Estimates p value AIC ∆ AIC 
Temperature x 
Design 
Design 
Temperature 
Design x Temperature 
0.28 
0.01 
-0.03 
0.652 
0.920 
0.338 
1303.3 44.3 
Temperature x 
DTGS 
DTGS 
Temperature 
DTGS x Temperature 
-0.19 
0.29 
-3.99e-5 
0.27 
<0.001 
1.00 
1286.9 60.8 
Wind speed Wind speed 0.19 <0.001 1309.2 38.5 
Wind speed x 
Design 
Design 
Wind speed 
Design x Wind speed 
0.6 
0.19 
0.09 
0.69 
0.40 
0.31 
1303.3 44.4 
Wind speed x 
DTGS 
DTGS 
Wind speed 
DTGS x Wind speed 
-0.28 
0.18 
5.76e-4 
0.031 
<0.001 
0.548 
1253.4 94.35 
Rainfall Rainfall -7.57e-4 0.32 1348.8 +1.1 
Rainfall x 
Design 
Design 
Rainfall 
Design x rainfall 
0.17 
0.02 
0.01 
0.491 
0.014 
0.003 
1295.7 52.0 
Rainfall x 
DTGS 
DTGS 
Rainfall 
DTGS x rainfall 
-0.15 
-0.01 
-8.26e-4 
0.036 
0.296 
0.508 
1111.6 3.9 
 1 
 2 
The relationship between number of R. dominica captured and distance to the 3 
nearest grain storage varied between linear and radial transect designs with a weaker, 4 
but still significant relationship recorded at the radial transect (Radial x DTGS = -5 
0.09, p = 0.036) compared to the linear transect. The effects of rainfall on trap 6 
captures of R. dominica were also only slightly greater at the linear transect 7 
compared to the radial design (Radial x rainfall = -0.01, p = 0.003). No significant 8 
interactions between environmental factors temperature, wind and rainfall, and 9 
distance to the nearest grain storage were recorded. This means the effects of 10 
environmental factors on trap captures of R. dominica were consistent over the 5km 11 
distance assessed at both transects. 12 
Factors influencing R. dominica trap captures in the greater Brisbane study 13 
region 14 
 15 
Captures of R. dominica occurred during all sampling periods throughout the 16 
Brisbane region and although fewer zero scores were recorded across this landscape 17 
data still exhibited characteristics of over-dispersion (var = 77.5, range = (0, 39)). 18 
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 1 
Habitat had the largest single effect on trap captures across the Brisbane 2 
landscape such that significantly greater captures of R. dominica occurred in peri 3 
urban habitats compared to urban habitats (∆AIC = 4.37). The influence of 4 
environmental factors on R. dominica trap captures varied between urban and peri 5 
urban habitats. The influence of temperature on trap captures was greater in urban 6 
habitats compared to peri urban habitats (Urban x temperature = 0.24, p = 0.005). 7 
Wind speeds also had a greater influence on trap captures in urban habitats compared 8 
to peri urban habitats (Urban x wind speed = 0.44, p = 0.007).  9 
   10 
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 1 
Table 8. AIC weights (∆AIC) of the effects of factors influencing trap captures of R. 2 
dominica in urban and peri urban habitats in the Brisbane study region based on 3 
GLMM analysis. Main effects are shaded 4 
 5 
Model Parameters Parameter Estimates p value AIC ∆ AIC 
Null Intercept 2.27 <0.001 231.4 Null Model 
Habitat Habitat 0.74 <0.001 227.1 4.3 
Temperature Temperature 0.01 0.83 233.4 +1.9 
Temperature x 
Habitat 
Habitat 
Temperature 
Habitat x temperature 
6.34 
-0.04 
0.24 
0.001 
0.353 
0.005 
224.6 6.8 
Wind speed Wind speed 0.05 0.65 233.2 +1.7 
Wind speed x 
Habitat 
Habitat: Urban 
Wind speed 
Urban x wind speed 
-5.20 
-0.22 
0.44 
0.001 
0.052 
0.007 
225.0 6.4 
Rainfall Rainfall -1.68e-4 0.84 233.4 +1.9 
Rainfall x 
Habitat 
Habitat: Urban 
Rainfall 
Urban x rainfall 
-1.29 
-6.04e-5 
2.26e-3 
0.021 
0.955 
0.276 
232.2 +0.7 
 6 
   7 
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DISCUSSION 1 
 2 
Statistical analysis of trap capture data indicates variations in the response of 3 
insect populations to environmental heterogeneity through space and time. Results 4 
from the current study demonstrate the fact that different factors have varied 5 
influences on trap captures of R. dominica within different habitats throughout south 6 
east Queensland. Three separate study designs have shown that the influence of 7 
environmental and habitat conditions on trap captures of R. dominica not only varies 8 
across large spatial areas but also at the landscape scale within different habitats on 9 
the Darling Downs. In addition the effects of environmental factors on trap captures 10 
vary when in close proximity to stored wheat facilities. Assessing the effects of 11 
environmental factors on trap captures within habitats far away from any forms of 12 
wheat production and storage could indicate that environmental factors have a varied 13 
influence on R. dominica dynamics in habitats beyond the Darling Downs and 14 
throughout south east Queensland.  15 
 16 
Influence of landscape scale factors on R. dominica trap captures on the Darling 17 
Downs 18 
 19 
Trap captures of R. dominica at the landscape scale are significantly influenced 20 
by different habitat types. Variation in trap captures were demonstrated between 21 
populations trapped grain habitats and in non grain habitats with substantially greater 22 
captures in grain habitats. The greatest predictor of trap capture variation was 23 
temperatures although wind speed and rainfall were also shown to impact on R. 24 
dominica trap captures with varied effects in different habitats. In general, trap 25 
captures of R. dominica in areas where wheat cultivation and storage are common are 26 
substantially impacted upon by available hosts and proximity to storage facilities. In 27 
contrast, trap captures of R. dominica occurring in areas where land use practices are 28 
classified as non grain, are primarily affected by environmental conditions. 29 
Relatively low numbers of R. dominica were trapped in non grain habitats, making it 30 
difficult to draw conclusions, however the consistencies among all non grain 31 
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habitats, and within grain habitats could indicate the establishment of two separate 1 
sets of dynamics occurring at the landscape scale in the Darling Downs. 2 
 3 
The effects of land use, habitat type and host availability 4 
Significantly increased trap captures of R. dominica were recorded in 5 
grasslands and woodlands that were dominated by wheat production an storage 6 
practices compared to habitats located large distances from wheat production and 7 
storage. However, there were no main effects of either grasslands or woodlands on 8 
trap captures. The result of grain production and storage practices is an abundant 9 
supply of food resources for R. dominica. Given that wheat (Triticum aestivum) is the 10 
primary food source for R. dominica, it is likely that populations found in grain 11 
habitats utilise these resources when available. In contrast, non grain habitats used in 12 
the landscape assessment of R. dominica dynamics are located approximately 25km 13 
away from any known wheat cultivation or storage. Subsequently food resources 14 
from non grain habitats are predominantly comprised of non agricultural plant 15 
materials including, seeds, twigs (fresh and dried) and branches from a range of 16 
grass, shrub and tree species (Edde and Phillips 2006, Jia, Toews et al. 2008).  17 
 18 
Land use practices represent the second most influential factor affecting 19 
seasonal dynamics of R. dominica at the landscape scale throughout the Darling 20 
Downs. It is possible that the available hosts associated with different land use 21 
practices and throughout different habitats drive differences in dynamics between 22 
populations of R. dominica inhabiting these areas. Grain habitats contain substantial 23 
areas under wheat cultivation with large scale storages also occurring intermittently 24 
throughout the landscape. The availability of these resources could be resulting in 25 
increased trap captures via two processes. Wheat resources may be resulting in 26 
increased flight activity, therefore leading to increased trap captures. Alternatively 27 
but perhaps not exclusively, the availability of these resources may also be leading 28 
increased population abundances of R. dominica. 29 
 30 
Trap captures in grain habitats may be greater than in non grain habitats due to 31 
the odours and volatiles given off wheat plants located in nearby fields resulting in 32 
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an increase in flight activity of R. dominica. Not only can volatiles and odours from 1 
bulk storages of wheat prove attractive to R. dominica (Dowdy, Howard et al. 1993) 2 
but it is also possible that wheat plants may emit similarly attractive volatiles prior to 3 
harvest, influencing the flight activity of this species in grain habitats. Although the 4 
response of R. dominica to the presence of wheat in the field may seem logical, this 5 
has been ignored as a potential influence on R. dominica (VelaCoiffier, Fargo et al. 6 
1997, Hagstrum 2001). The presence of wheat in the field has been shown to have a 7 
greater effect on trap captures in grain habitats compared to non grain habitats. 8 
Quirox (1998) explains that wheat seedlings from around 15-25 days old (Zadoks, 9 
Chang et al. 1974), have the capacity to produce odours and volatiles that can be 10 
attractive to R. dominica. A substantial reduction in trap captures within grain 11 
habitats following November 2011 could be a result of the removal of wheat from 12 
the field. 13 
 14 
Grain storage facilities provide R. dominica with abundant food resources, and 15 
can impact on R. dominica dynamics up to 5km away. These structures occur 16 
throughout grain habitats on the Darling Downs and represent a favourable habitat 17 
for R. dominica, influencing trap captures within a five kilometre radius of storages. 18 
Trap captures decrease as distances to grain storages increase and this relationship is 19 
significantly greater at the linear transect compared to the radial transect. This could 20 
be explained by the fact that more insects were trapped at the linear transect resulting 21 
in a stronger relationship. A greater effect of distance to the nearest grain storage at 22 
the linear transect could also be occurring due to the design of the transects. Given 23 
that R. dominica respond to host odours via upwind flight (Fadamiro, Wyatt et al. 24 
1998, Bashir, Birkinshaw et al. 2001), it is possible that a linear transect is aligned 25 
with prevailing winds and therefore has a greater capacity to expose the effects of 26 
distances to storage structures on trap captures. Further evidence for this is 27 
demonstrated through the strong effects of wind speed on trap captures at the transect 28 
habitats. 29 
 30 
 Trap captures of R. dominica in transect habitats increase rapidly from 31 
September to November before declining almost as abruptly after November, 32 
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corresponding to the occurrence of wheat harvest. The temporal variation in trap 1 
captures of R. dominica in habitats surrounding stored wheat may be representative 2 
of a change in the flight response of insects to the abrupt shift of wheat from the field 3 
into storages. Further evidence for this is the fact that insects inhabiting areas around 4 
stored wheat are primarily influenced by the distance to the nearest storage structure. 5 
Flight in R. dominica, which is typically considered to be a result of food and host 6 
searching behaviours (Barrer 1983, Edde 2012), can be influenced by the availability 7 
of different resources. In a small scale laboratory study, the effects of different 8 
substances on host searching behaviour of R. dominica was assessed (Bashir, 9 
Birkinshaw et al. 2001). A significantly greater response to odours from large 10 
amounts of grain was demonstrated compared to minimal grain or no grain scenarios. 11 
Although stored wheat and wheat in the field may be leading to increased trap 12 
captures, this may not only represent increased flight activity of R. dominica but 13 
could also be effecting population abundances. 14 
 15 
The availability of wheat, either in the field or in storages may also be 16 
impacting on the abundance of R. dominica, resulting in greater trap captures in grain 17 
compared to non grain habitats. Sinclair and Alder (1984) highlighted the fact that 18 
grain storages are able to support rapidly increasing populations, capable of reaching 19 
abundances which may result in trap capture rates close to those recorded in grain 20 
habitats from the current study. From nearly 30Kg of wheat, 100 unsexed R. 21 
dominica were able to multiply over a period of 15 months and a total of 278 094 22 
individuals were caught emigrating from this source grain source (Sinclair and Alder 23 
1984). Also, studies have shown a greater reproductive output for R. dominica reared 24 
on wheat compared to other possible food sources (Edde and Phillips 2006, Jia, 25 
Toews et al. 2008), potentially contributing to greater population abundances in grain 26 
compared to non grain habitats. Whilst land use practices have a significant impact 27 
on R. dominica dynamics, it is somewhat unexpected to find no main effects of 28 
grassland and woodland habitats on population dynamics. 29 
 30 
There were no main effects of habitat on trap captures of R. dominica, 31 
indicating no direct effects of grasslands or woodlands on dynamics of R. dominica. 32 
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This remained the case even when the effects of land use were accounted for. This is 1 
unexpected given previous research which trapped greater numbers of insects in 2 
wooded sites compared to open sites (Mahroof, Edde et al. 2010). Similar results in 3 
woodlands and grasslands in the current study could be explained in two ways. It is 4 
possible that the distances between traps in woodlands and grasslands are not 5 
sufficient to detect differences in the dynamics of independent populations. This 6 
means that insects caught in grasslands might have originated in woodlands and vice 7 
versa. This could therefore indicate that R. dominica populations are capable of 8 
occupying broad scale habitats (> 4km). It is also possible that grassland and 9 
woodland habitats used in the landscape scale assessment of R. dominica are not 10 
completely representative of grassland and woodland habitats utilised by R. 11 
dominica. Whilst every effort was made to identify and choose habitats that 12 
contained predominantly grasslands or predominantly woodlands, other types of 13 
potential habitat patches may have occurred throughout these habitats. For instances 14 
patches of woodlands may have been located close enough to grasslands habitats and 15 
patches of grasslands may have been located within habitats identified as woodlands.  16 
 17 
The effects of temperature, wind speeds and rainfall  18 
Of the environmental factors tested, trap captures of R. dominica were most 19 
influenced by temperature, followed by wind speeds and rainfall. These factors had 20 
varied effects on trap captures within grain and non grain habitats. Temperature and 21 
rainfall had a significantly greater influence on trap captures in non grain habitats 22 
compared to grain habitats. However the reverse was true for wind speeds which had 23 
a greater influence on captures in grain habitats compared to non grain habitats.  24 
 25 
Flight activity in R. dominica is reliant on sufficient air temperatures that allow 26 
insects to generate the required energy necessary for flight take off and ongoing 27 
activity (Taylor 1963, Netherer and Schopf 2010). From the current results, 28 
temperature was shown to be one of the most important factors affecting trap 29 
captures of R. dominica throughout. Throughout the Darling Downs landscape it had 30 
the largest individual influence on trap captures and it was the fourth most influential 31 
factor effecting trap captures at the linear and radial transects. The individual effects 32 
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of temperature on flight activity are positive meaning activity of R. dominica 1 
increases as temperatures increase and this has also been demonstrated previously 2 
under field conditions (Edde, Phillips et al. 2006, Toews, Campbell et al. 2006). 3 
 4 
The effects of temperature on trap captures of R. dominica can also be more 5 
complex. For example, when  temperatures are within a suitable range for flight 6 
activity, the importance of temperature as an influential factor driving trap captures is 7 
decreased (Drake 1994). That is, when temperatures rise above the lower threshold 8 
temperature required for flight, further increases in temperature do not necessarily 9 
lead to proportional increases in flight activity and therefore have less of an effect on 10 
trap captures. For example, once the lower threshold for flight has been reached 11 
flight activity tends to occur relatively independently of temperature (Taylor 1963, 12 
Cox and Dolder 1995). Dowdy (1994) calculated lower and upper threshold 13 
temperatures for flight activity in R. dominica as 19.9°C and 41.6°C respectively 14 
under laboratory conditions. The lower flight threshold temperature for populations 15 
persisting around the outside of a grain storage shed in Griffith, southern central New 16 
South Wales was shown to be 16°C (Wright and Morton 1995) and flight thresholds 17 
in a grain growing region of south western Queensland were demonstrated as 26-18 
29°C to 34-36°C (Sinclair and Haddrell 1985). Although the current study did not 19 
identify explicit threshold temperatures for flight in R. dominica between habitats on 20 
the Darling Downs, it does demonstrate varied effects of temperature on R. dominica 21 
trap captures between spatially separate habitats. 22 
 23 
A stronger effect of temperature on trap captures in non grain habitats 24 
compared to grain habitats can be explained in two ways. It may be that cooler 25 
temperatures in non grain habitats fall below the flight threshold more often than in 26 
grain habitats and therefore acts as a limiting factor on flight activity, significantly 27 
impacting on trap captures. Alternatively the strong effects of the availability of 28 
wheat in grain habitats may be outweighing the effects of temperature where 29 
cultivated and stored wheat are common. It seems that where conditions are 30 
generally warm enough for flight to occur for most of the year, the influence of 31 
temperature is likely to be reduced and as a result the influence of other factors on 32 
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flight activity may become emphasised. In contrast, in habitats where temperatures 1 
might regularly fall below the lower flight threshold, it is possible that this factor, 2 
which limits the onset of flight, may be playing a more important role in habitat 3 
flight dynamics, in turn resulting in reduced trap captures. 4 
 5 
There were no significant main effects of rainfall on R. dominica trap captures 6 
yet when included in the null model as an interaction, it was shown to have a 7 
significant influence on trap captures in all four habitats used in the landscape scale 8 
assessment of R. dominica. Rainfall had a negative effect on trap captures of R. 9 
dominica in habitats throughout the Darling Downs. This relationship was weak but 10 
still significant and similarly to temperatures, rainfall had a greater effect on trap 11 
capture variation in non grain habitats compared to grain habitats. Rainfall can no 12 
doubt influence flight activity of R. dominica and this has been previously shown 13 
through the inhibition of flight in some insect species (Tigar, Key et al. 1993, Drake 14 
1994). Similar patterns of rainfall were recorded between grain and non grain 15 
habitats and a varied effect on trap captures may be due to the fact that populations in 16 
grain habitats are predominantly influenced by the occurrence of wheat in the field 17 
and in storages. Thus the effects of wheat prevail over the effects of rainfall on R. 18 
dominica traps captures in grain habitats. 19 
 20 
The effects of rainfall on trap captures of R. dominica were also significantly 21 
greater in grasslands compared to woodlands. This is likely to be occurring because 22 
R. dominica in woodland habitats are provided with significantly greater abundance 23 
of hosts that could be used as refuge in heavy rains. The negative impact of rainfall 24 
on insects occurs due to the prevention of flight (Drake 1994) and these conditions 25 
are likely to impact on flight more so in open habitats compared to woodlands, due to  26 
a lack of potential shelter. 27 
 28 
The individual effects of wind speeds were shown to be positively influencing 29 
trap captures of R. dominica, yet the effects of wind vary between habitats with a 30 
greater effect on trap captures recorded in grain habitats compared to non grain 31 
habitats. Given that R. dominica fly upwind to pheromone and odour sources 32 
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(Dowdy, Howard et al. 1993, Fadamiro, Wyatt et al. 1998), it seems reasonable to 1 
assume that wind speeds may be related to the flight activity of this species, 2 
subsequently influencing trap captures. Increased wind speeds which can impact on 3 
flight dynamics tend to inhibit flight if above a certain threshold whereby wind 4 
speeds are too strong and may prevent flight of insect species (Drake 1994). This has 5 
been demonstrated with the use of R. dominica populations located around grain 6 
storage facilities in the US where it was found that flight activity of R. dominica 7 
ceased when wind speeds were greater than 5ms-1 during summer and when wind 8 
speeds were greater than 6ms-1 during autumn (Toews, Campbell et al. 2006). 9 
 10 
Inhibition of flight due to increased wind speeds would result in a negative 11 
effect of wind on trap captures of R. dominica. Wind speeds peak throughout the 12 
Darling Downs at around 17km/hr which equates to approximately 4.7 ms-1 and at 13 
this speed winds are unlikely to be inhibiting flight. Therefore the positive effects of 14 
wind speeds mean increased wind speeds lead to greater trap captures. This effect 15 
may be greater in grain habitats compared to non grain habitats because wind speeds 16 
are interacting with habitat resources, shifting odours and volatiles of wheat 17 
throughout the environment, resulting in increased flight and therefore greater trap 18 
captures. Increased effects of wind in habitats surrounding grain storages could be 19 
further evidence of process. The effects of wind in habitats where volatiles and 20 
odours from wheat are likely to be scare are therefore decreased. 21 
 22 
Stored wheat facilities are found on farms in areas dominated by wheat 23 
cultivation and it might be expected to find similarities in the influence of 24 
environmental variables on R. dominica trap captures between grain habitats and in 25 
habitats surrounding stored wheat structures. As has previously been stated, wind is 26 
likely to impact on host searching flight behaviour as it is likely to alter the ability of 27 
R. dominica to detect pheromones and odours of food resources. The attraction of R. 28 
dominica to stored wheat facilities, demonstrated in this study, is likely impacted on 29 
by wind speeds because R. dominica found in habitats around storages are 30 
predominantly responding to the proximity of storages and hence odours given off 31 
from storage structures. 32 
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 1 
Influence of landscape scale factors on trap captures of R. dominica in 2 
residential habitats in the greater Brisbane region 3 
 4 
Previous research has shown that several factors may affect R. dominica trap 5 
captures but generally these studies have been storage focused and the dynamics of 6 
R. dominica at the broader landscape scale have been largely overlooked. Current 7 
results however demonstrate that this species can consistently occur in habitats well 8 
beyond any wheat growing or storing practices and that the influence of 9 
environmental and habitat conditions vary between habitats located in the Brisbane 10 
study region. 11 
 12 
A preliminary investigation into the dynamics of R. dominica in the greater 13 
Brisbane region was carried out during summer months, when capture rates are likely 14 
to be higher and the chance of detection maximised. As a result it is likely that 15 
environmental conditions such as temperature have limited impact on trap captures. 16 
Not surprisingly the individual effects of temperature as well as wind speeds and 17 
rainfall were not significant in influencing R. dominica flight activity in residential 18 
habitats from January to June. Although this was the case, there were clear effects of 19 
habitat on R. dominica trap captures, such that greater captures were recorded in peri 20 
urban habitats compared to urban habitats. 21 
 22 
Increased trap captures associated with peri urban compared to urban habitats 23 
is likely a result of a greater range of potential food resources for R. dominica in peri 24 
urban habitats. These habitats contain substantially greater abundances of vegetation 25 
compared to urban habitats, where land use practices result in the removal of most 26 
vegetation. Given the ability of R. dominica to survive on non grain vegetation in the 27 
form of tress, seeds and shrubs (Jia, Toews et al. 2008), it may be that trap captures 28 
are increased in peri urban habitats because greater numbers of insects are flying to 29 
locate food resources. Alternatively, a greater abundance of food resources in peri 30 
urban habitats may result in increased insect reproduction  (Edde and Phillips 2006) 31 
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leading to an increased population abundance of R. dominica in peri urban habitats 1 
compared to urban habitats. 2 
 3 
Wind speeds are likely to have a greater influence in urban habitats on the trap 4 
captures of R. dominica because compared to peri urban habitats, they provide less 5 
potential refuge for R. dominica flying in wind. It has been suggested that that R. 6 
dominica use trees and shrubs as refuge to escape unfavourable conditions (Wright 7 
and Morton 1995, Toews, Campbell et al. 2006) and it is possible that individuals 8 
may be somewhat sheltered from the effects of wind speeds via increased vegetation. 9 
The influence of temperature on R. dominica trap captures is likely occurring via a 10 
similar process. This is supported by the fact that temperatures are generally similar 11 
between urban and peri urban habitats, thus there is less effect of temperatures in peri 12 
urban habitats where insects are able to avoid its effects through the utilisation of 13 
vegetation refuge. Extended sampling throughout urban and peri urban habitats to 14 
encompass an entire season would be required to test this theory as would an 15 
understanding of how non agricultural hosts are located and utilised in peri urban 16 
habitats. 17 
 18 
Results from the current study indicate that R. dominica respond differently to 19 
conditions in different habitats. Differences in R. dominica dynamics have been 20 
demonstrated to occur between habitats at the landscape scale and indeed between 21 
different habitats types that are spatially separated. The occurrence of R. dominica 22 
throughout south east Queensland also suggests that this species is capable of 23 
distributing across broad spatial scales and that stored wheat is not required for the 24 
occurrence of R. dominica, despite its importance in influencing R. dominica 25 
dynamics. Differences in R. dominica dynamics may indicate the occurrence of 26 
spatially discrete populations that respond differently to external conditions. An 27 
understanding of how these factors influence population dynamics such as the 28 
distribution, activity and abundance is important when considering the landscape 29 
scale ecology of this species. 30 
   31 
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Chapter 4: LANDSCAPE SCALE 1 
ECOLOGY OF RHYZOPERTHA 2 
DOMINICA IN SOUTH EAST 3 
QUEENSLAND 4 
The current study has for the first time demonstrated that R. dominica are 5 
capable of utilising a range of habitats throughout south east Queensland including 6 
those located substantial distance from stored grain facilities. This suggests that R. 7 
dominica may be characterised by a broad spatial distribution. Populations occurring 8 
in habitats dedicated to wheat cultivation and storage predominantly influenced by 9 
the availability and location of wheat resources. In contrast populations in habitats 10 
far from any wheat production are subject to greater effects of environmental 11 
conditions. Although varied dynamics between spatially separate habitats might 12 
indicate different populations of R. dominica, there is another common belief that R. 13 
dominica continually move between storages and surrounding habitats and that 14 
storage structures play a central role in the effecting the dynamics of R. dominica. 15 
The ecology of R. dominica has previously generally been described in the context of 16 
stored wheat facilities and an analysis of the landscape ecology of this species has 17 
been lacking. A comparison of the distribution, activity and abundance of R. 18 
dominica in the context of two different hypotheses will help to clarify the landscape 19 
ecology of this species. 20 
 21 
SPATIAL DISTRIBUTION OF R. DOMINCA 22 
 23 
An assessment of environmental conditions and seasonal trap captures of R. 24 
dominica throughout south east Queensland has revealed heterogeneity between 25 
habitats at the landscape scale (Chapter 2). Different habitats experience different 26 
conditions in terms of temperature, wind speeds, rainfall and resources. The use of 27 
pheromone traps has also revealed differences in the spatial distribution of R. 28 
dominica throughout different habitats. Given that, trap results reflect changes in 29 
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population dynamics within approximately a 400m radius of each trap (Farrell 1990, 1 
Rees, Rodriguez et al. 1990), it can be inferred that sampled population dynamics are 2 
representative of discrete habitat types, therefore characterising the spatial 3 
distribution of R. dominica in south east Queensland.  4 
 5 
Trap captures of R. dominica represent the population dynamics from spatially 6 
discrete habitats throughout the Darling Downs and can therefore be used to interpret 7 
the spatial distribution of this species. Studies assessing the effectiveness of 8 
pheromone traps suggest that they are generally attractive to insects within a 400m 9 
radius (Rees, Rodriguez et al. 1990, Farrell and Key 1992, Tigar, Osborne et al. 10 
1994). The detection of pheromones in these studies were based on the larger grain 11 
borer (P. truncatus), a close relative of R. dominica. Both species originated as forest 12 
dwelling species and it is possible that pheromone detection abilities are similar 13 
between them. Further evidence to support this is the 1.6km maximum dispersal 14 
distance recorded for R. dominica (Mahroof, Edde et al. 2010). Although this does 15 
not necessarily indicate the true maximum dispersal distance of R. dominica (given 16 
this was the farthest distance assessed), it would be reasonable to assume that insects 17 
trapped in one habitat, did not fly from another habitat to be caught. Captures 18 
recorded at all sampled sites therefore implies that R. dominica can occur in a range 19 
of habitats across broad spatial scales. 20 
 21 
An overarching focus on stored wheat as the primary determinant of the 22 
occurrence of R. dominica has been common in past studies. If R. dominica were 23 
originating from a single source such as stored wheat habitats, consistent captures 24 
may not be expected to occur in non grain habitats (habitats independent of wheat 25 
production and storage practices). Rather, captures in non grain habitats would only 26 
be expected to occur once individuals left storage habitats. The movement of R. 27 
dominica from storages into surrounding habitats has been suggested to occur in 28 
order to reproduce and to avoid unfavourable conditions within storages. Thus 29 
captures in non grain habitats would be expected to occur prior to reproduction or 30 
following a disturbance in storage habitats. Such a disturbance might be created by 31 
fumigation of stored wheat which generally occurs after wheat has been harvested. 32 
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This occurs in November in the Darling Downs and therefore captures in non grain 1 
habitats prior to this date would be unexpected.  2 
 3 
The occurrence of R. dominica for a six month period throughout urban and 4 
peri urban habitats is thought to indicate not only the fact that R. dominica can be 5 
distributed far away from stored wheat but that they are also capable of establishing 6 
populations in habitats characterised by suitable environmental conditions and the 7 
availability of a range of vegetative hosts. Whilst the occurrence of R. dominica in 8 
peri urban habitats may be influenced by some availability of grains used for poultry 9 
for example, the occurrence of R. dominica in urban habitats, discounts the 10 
possibility that R. dominica originate in stored wheat and disperse from these 11 
structures into surrounding habitats. No large scale wheat storage facilities are 12 
located in Brisbane city and maintaining animals such as livestock or poultry is 13 
uncommon. However, wheat can be held at the port of Brisbane located 14 
approximately 25Km away from traps used in residential habitats. In addition, major 15 
transport routes used to move wheat from the Darling Downs to export terminals are 16 
located substantial distances from urban and peri urban traps. Whilst anthropogenic 17 
dispersal is likely to take place given the volumes of stored wheat that are regularly 18 
moved to export terminals, it is unlikely that it plays a role in occurrence of R. 19 
dominica in habitats far removed from any forms of stored wheat and located well 20 
away from any major transportation routes. The consistent occurrence of R. dominica 21 
in non grain habitats located within the Marylands national park in northern New 22 
South Wales, well distant from any form of grain storage or production, is evidence 23 
of this. 24 
 25 
Thus the spatial distribution of R. dominica is far reaching, extending beyond 26 
stored grain facilities and indeed beyond the northern grain growing region. Given 27 
that R. dominica were predominantly influenced by temperatures and the availability 28 
of host resources, this paper hypothesises that R. dominica can occur throughout 29 
south east Queensland in habitats containing food resources in the form of non 30 
agricultural vegetation and where flight can occur regularly under sufficient 31 
temperatures. A wide ranging spatial distribution of R. dominica should be 32 
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incorporated into control strategies aimed at reducing the impact of R. dominica on 1 
wheat commodities. 2 
FLIGHT ACTIVITY OF R. DOMINICA 3 
 4 
Trap captures can be used to interpret the spatial distribution, flight activity and 5 
abundance of R. dominica (Daglish, Ridley et al. 2010). It has been demonstrated 6 
that variation in trap captures due to short term changes in climatic conditions is 7 
representative of variation in the flight activity of R. dominica (Drake 1994, Edde, 8 
Phillips et al. 2006). Thus variation in trap captures influenced by temperature for 9 
example likely represents variation in the flight response of R. dominica. In contrast 10 
the effects of habitat resources on trap capture variation could be indicative of 11 
variation in other dynamics such as population abundances (Benton, Bryant et al. 12 
2002). The current study shows that the effects of climatic conditions such as 13 
temperature vary between different habitats throughout the landscape, indicating 14 
differences in the flight response of insects to temperatures between different 15 
habitats.  16 
 17 
Flight response of R. dominica to temperature 18 
 19 
Temperatures had a greater effect on trap captures in non grain habitats than in 20 
grain habitats. Grain and non grain habitats were separated by approximately 25km 21 
suggesting that variation in the flight response of R. dominica to temperatures may 22 
be occurring between different habitats. Differences in the flight response to 23 
temperature could indicate the establishment of independent populations of R. 24 
dominica occurring throughout the landscape. In contrast, if R. dominica underwent 25 
ongoing dispersal between grain storages and surrounding habitats, a similar flight 26 
response to temperatures might be expected between grain and non grain habitats. 27 
 28 
Differences in the flight response of R. dominica to the effects of temperature 29 
have been demonstrated in previous research (Toews, Campbell et al. 2006). This has 30 
been demonstrated through variations in flight activity under constant temperatures 31 
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between insects from different habitats. Toews (2006) suggested that a varied flight 1 
response to temperature may be a result of generational selection or hormonally 2 
induced physiological changes. Physiological changes such as increasing 3 
concentrations of cryoprotectants and clearing of ice nucleators are evident in a 4 
process of acclimating to colder temperatures in several species of stored product 5 
insects  (Fields 2006). Varied flight responses R. dominica could indicate that this 6 
species is able to adapt to different temperatures. A minimum flight threshold 7 
temperature of 16°C for populations of R. dominica in the vicinity of grain storages 8 
in central New South Wales (Wright and Morton 1995), compared to a threshold of 9 
21.5°C for emigrating from a wheat source in Brisbane, Queensland (these insects 10 
were not caught in Brisbane, rather used to asses emigration from an artificial 11 
source). Populations of R. dominica in different habitats are likely to be capable of 12 
adapting to local conditions, resulting increased cold tolerances and a decreased 13 
lower flight threshold under consistently cooler temperatures. 14 
 15 
The current study did not record specific flight threshold temperatures for R. 16 
dominica in different habitats due to the temporal resolution of data collection, 17 
however given the varied flight response to temperatures between grain and non 18 
grain habitats, it would be expected that flight threshold temperatures may vary 19 
between these habitats. Consistently cooler temperatures in non grain habitats mean 20 
populations in these habitats are continually dependent on sufficiently warm 21 
temperatures for flight. Thus in the colder, non grain habitats temperature has a 22 
greater impact on flight activity than in grain habitats, because it acts predominantly 23 
as a limiting factor on flight. This might suggest that R. dominica are capable of 24 
adaptation to local conditions occurring through the natural selection of insects at the 25 
habitat scale. 26 
 27 
Variation in flight response to temperature between populations of R. dominica 28 
occurring around wheat storage facilities in the U.S. demonstrate the ability of 29 
adaptive insect species to carry out flight under a range of conditions (Perez-30 
Mendoza, Hagstrum et al. 1999). Flight response was assessed in field strains 31 
collected from far ranging locations including Kansas, Oklahoma, Texas and 32 
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Mexico. Significantly greater activity occurred in strains collected from the 1 
southernmost location (Mexico) compared to other strains when tested under the 2 
same conditions and it was suggested that this behaviour might be a result of 3 
genotypic variation between populations in habitats with varied environmental 4 
conditions. In the same study it was also demonstrated that flight response of hybrid 5 
R. dominica (offspring produced from crosses between strains) mimicked that of the 6 
mother regardless of the cross made, indicating that flight in R. dominica could be 7 
largely dictated by the genetic makeup of insects. Furthermore, it is apparent that 8 
genetic diversity may be a result of habitat variation, indicating the selection of R. 9 
dominica to habitat conditions. Whilst Perez-Mendoza et al (1999) used R. dominica 10 
captured from substantially separated populations, it is possible that  genotypic 11 
variation exists between R. dominica caught in different habitats at smaller spatial 12 
scales given the different flight responses recorded between grain and non grain 13 
habitats in the Darling Downs region. 14 
 15 
R. dominica exhibit many traits of an adaptive insect species. Adaptive life 16 
history traits can allow insect species to acclimatize to heterogeneous habitats across 17 
broad spatial scales, and in some cases, this can result in the ability to remain active 18 
under a range of conditions. Not only can adaptive insect species remain active in a 19 
broad range of environmental conditions, but they can also exhibit variation between 20 
populations at the landscape scale in terms of development, growth rates, vigour, 21 
dispersal and reproductive traits (Ayres and Scriber 1994). Highly adaptive species 22 
are capable of broad spatial distributions (Vinatier, Tixier et al. 2011) and often show 23 
behavioural variation between spatially independent populations (Singer and Thomas 24 
1996). 25 
 26 
If the dynamics of R. dominica are solely dependent on wheat storage habitats, 27 
adaptation to local conditions at the landscape scale would likely be unexpected 28 
(Jonsen and Fahrig 1997). This is especially the case for insects undergoing 29 
development in habitats where no large scale stored wheat is available. If R. 30 
dominica were reliant on stored wheat, and used dispersal to access non grain 31 
habitats, not only would continual trap captures in non grain habitats be unexpected, 32 
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but habitat scale variation in flight responses to temperature would not occur. The 1 
continual movement of individuals between stored wheat and surrounding habitats 2 
would reduce the chances of populations undergoing natural selection and therefore 3 
varied flight responses to environmental conditions would not occur. 4 
 5 
Varied flight responses to environmental factors are likely to occur due to 6 
adaptation of R. dominica to habitat conditions at the landscape scale. An assessment 7 
of genetic variation between insects caught in a range of grain and non grain habitats 8 
at varied distances from a control group represents one approach that could be used 9 
to confirm or reject this process. This approach would also highlight the spatial 10 
scales at which R. dominica populations develop. 11 
 12 
POPULATION ABUNDANCE OF RHYZOPERTHA DOMINICA 13 
 14 
Variation in trap captures of R. dominica can also indicate fluctuations in the 15 
abundance of this species (Daglish, Ridley et al. 2010). In many cases, the abundance 16 
and availability of food resources can be directly related to the abundance of insect 17 
populations (Williams 1961, Benton, Bryant et al. 2002, Duyck, Dortel et al. 2012). 18 
Although the availability and abundance of food resources is likely to change over 19 
time (the seasonal harvest and storage of grain for example), these changes represent 20 
relatively long term (i.e. seasonal or yearly) changes in the habitat conditions for 21 
insects such as R. dominica. Conversely to short term changes in habitat conditions 22 
(i.e. daily, weekly or monthly temperature fluctuations) that predominantly indicates 23 
variation in the flight response of insects, it has been demonstrated that variation in 24 
trap captures caused by long term (i.e. seasonally and yearly) habitat variation 25 
primarily indicate variation in insect abundances (Williams 1961, Wolda 1978). 26 
 27 
With reference to the current study, the availability and abundance of food 28 
resources for R. dominica varies most significantly between habitats under different 29 
land use practices. Given that bulk stored wheat represents the dominant food 30 
resource of R. dominica it could be expected that the greatest abundances of this 31 
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species would occur in close proximity to stored wheat. In habitats far removed from 1 
stored wheat, such as non grain habitats, the abundance and availability of food 2 
resources is likely to be substantially reduced. It can therefore be inferred that 3 
differences in trap captures of R. dominica related to land use practices and the 4 
resulting available habitat resources in the current study, primarily indicate changes 5 
in the abundance of insects between different habitats throughout the Darling Downs 6 
landscape. 7 
 8 
Current results indicate a direct positive effect of wheat resources on R. 9 
dominica dynamics such that substantially greater abundances are possible in 10 
habitats containing wheat resources. The abundance of R. dominica in non grain 11 
habitats is likely to be reflective of the lower reproductive capacity of R. dominica on 12 
hosts other than wheat, such as wood and plant materials from non agricultural 13 
species (Wright, Fleming et al. 1990, Jia, Toews et al. 2008). Populations occurring 14 
in habitats that are far away from any wheat production and storage practices 15 
maintain substantially lower abundances than those occurring in habitats that are 16 
close to wheat cultivation and storage. Given that the carrying capacity of habitats is 17 
related to the available food resources to insects within that habitat (Stenseth 1981, 18 
Griffen and Drake 2008), it could be suggested that for R. dominica the carrying 19 
capacity of non grain habitats is far less than habitats in which wheat is available. 20 
 21 
The patchwork of habitats throughout the Darling Downs study region is likely 22 
to result in variation among local population dynamics due to variation in habitat 23 
resources (Stenseth 1981, Hassell, Comins et al. 1991, Diffendorfer 1998). 24 
Differences in abundance between insect caught in different habitats are dependent 25 
on how insect species utilise the various habitat types typically found throughout 26 
agricultural landscapes (Taylor and Taylor 1977, Turner 1989, Hassell, Comins et al. 27 
1991, Edde and Phillips 2006). Generally insects exploiting crop resources exhibit 28 
population ‘boom bust’ fluctuations in accordance with the seasonal pattern of 29 
resource availability, increasing in abundance when favourable resources are 30 
abundant (Kennedy and Storer 2000). Non crop resources offer populations more 31 
stability in the context of resource availability. Subsequently populations display less 32 
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dynamic characteristics including relatively low and consistent abundances 1 
(Southwood 1977). Thus populations of R. dominica in different habitats are 2 
characterised by asynchrony due to the different resources available among habitats.  3 
 4 
Polyphagous insect pests inhabiting agricultural landscapes are capable of 5 
exploiting both crop and non crop resources (Kennedy and Storer 2000).  Such an 6 
example can be seen in the landscape scale distribution of Bemisia spp and Nezara 7 
viridula (southern green stinkbug), which exhibit different population abundances 8 
through time and space according to varied available host resources (Kennedy and 9 
Storer 2000, Bailey 2007). Highly selective, or specialist insect species on the other 10 
hand may be restricted by the requirement for a specific set of conditions or host 11 
resources (Kruess and Tscharntke 2000, Östergård and Ehrlén 2005). Aspects of the 12 
ecology of R. dominica indicate that it is unlikely to be dependent solely on grain 13 
storage habitats for persistence and is capable of exploiting alternative habitats 14 
throughout areas in which feeding can occur (i.e. where flight can occur). 15 
 16 
The detection of R. dominica in non grain habitats on the Darling Downs 17 
indicates that hosts other than wheat are being utilised. The selection of non grain 18 
hosts as a site for possible refuge for R. dominica has been proposed in some studies 19 
from the U.S. The survival, reproduction and even tunnelling behaviour on a range of 20 
native twigs and seeds represent one piece of evidence to support this hypothesis. 21 
However it remained unclear from this study if non native hosts were used as 22 
overwintering sites for R. dominica dispersing from grain storages or if they simply 23 
provide an alternate food source to stored wheat (Jia, Toews et al. 2008). One 24 
explanation may be that early and late season trap captures are comprised of 25 
predominantly R. dominica in the adult phase suggesting non crop habitats are used 26 
as overwintering sites.  This study however trapped over relatively small spatial 27 
scales (up to 150m) around ground storages and therefore probably did not 28 
effectively assess the role of non grain hosts in influencing population dynamics 29 
(Toews, Campbell et al. 2006).  30 
 31 
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An overwintering hypothesis implies that R. dominica move between wheat 1 
storage habitats and non grain habitats and therefore it would be expected to record 2 
correlations between abundances from these two types of habitat. Varied behavioural 3 
responses among these habitats as described previously would tend to suggest 4 
otherwise. In addition if populations only utilised non grain habitats during the 5 
winter months, then it would be unexpected to trap them during the warmer months 6 
in non grain habitats. Current results indicate otherwise. The idea that non grain hosts 7 
represent an alternate food source for R. dominica seems feasible given polyphagous 8 
nature of this species.  9 
 10 
Results from the current study indicate that R. dominica are likely to be 11 
exploiting alternative food resources located in habitats far removed from any wheat. 12 
Non grain hosts used as alternate food sources result in consistently fewer trap 13 
captures which could be representative of decreased population abundances 14 
compared to R. dominica utilising wheat as the predominant food source. A similar 15 
process of variation in abundances in accordance with resources has been previously 16 
demonstrated.  Population dynamics of Melanoplus femurrubrum have been shown 17 
to vary according to habitat resources and area (Haynes, Diekotter et al. 2007). M. 18 
Femurrubrum is an important pest of many crop commodities, particularly 19 
throughout the mid western United States. It is a generalist feeder which 20 
predominantly survives on a range of grasses and forbs. Haynes, Diekotter et al 21 
(2007) demonstrated that grasshopper densities were affected by habitat resources 22 
such that habitats containing complementary or alternate resources would support 23 
greater densities then habitats which did not. Furthermore, in habitats where the 24 
surrounding matrix provided alternate resources, habitat densities where greater than 25 
where the matrix offered no additional resources. 26 
 27 
Polyphagous species such as R. dominica tend to display more variable 28 
populations and a broad scale spatial distribution compared to more specialist 29 
phytophagous insect species (Southwood 1977, Wallner 1987). Studies highlighting 30 
the sub tropical forest origins of R. dominica (Potter 1935, Crombie 1941) as well as 31 
its capacity to utilise a broad range of non agricultural flora (Edde and Phillips 2006, 32 
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Mahroof and Phillips 2007, Jia, Toews et al. 2008) emphasise the likely possibility 1 
that this species retains the capacity to persist in non agricultural habitats and away 2 
from stored wheat. Future studies aimed at identifying the range of non agricultural 3 
resources utilised by R. dominica in south east Queensland may involve similar 4 
practices to those used in overseas studies. Mahroof and Phillips (2007) used 5 
concentrations of isotopes as internal tissue markers to determine dietary differences 6 
among adult R. dominica captured from grain storages and in woodland habitats and 7 
compared field caught R. dominica to laboratory reared individuals. This could 8 
represent a potential approach used to confirm this aspect of R. dominica ecology 9 
throughout south east Queensland. 10 
 11 
CONCLUSIONS 12 
 13 
The effects of habitat heterogeneity can influence the overall dynamics of 14 
insect species in terms of activity, abundance and distribution persisting at the 15 
landscape scale. At the landscape scale, a range of habitats capable of supporting R. 16 
dominica can be identified throughout the Darling Downs. In addition, results 17 
suggest that populations adapt to habitat conditions and that there are likely to be 18 
many potential habitats for R. dominica in south east Queensland given the warm 19 
temperatures and abundant host resources. Evidence to support this was gained 20 
through the consistent occurrence of R. dominica in residential habitats located in the 21 
Brisbane region and separated from any grain producing and storage practices by 22 
substantial distances. R. dominica have the capacity to reach large abundances in the 23 
vicinity of grain storages, whilst further away, habitats containing alternative food 24 
resources result in relatively low insect abundances.  25 
 26 
Given the differences in dynamics between R. dominica from different habitats, 27 
including differences in the flight response to environmental conditions, and varied 28 
population abundances, it seems unlikely that R. dominica continually move between 29 
storages and non grain habitats. Results from transect studies certainly indicate that 30 
storages affect dynamics over broad spatial areas (5km radius), however the variation 31 
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in populations approximately 25km away suggest that R. dominica interact with their 1 
environment at the landscape scale. Given that much of south east Queensland is 2 
characterised by tropical to sub tropical conditions, the occurrence of R. dominica in 3 
residential habitats within the Brisbane region, albeit at low numbers, may be 4 
indicating a somewhat ubiquitous spatial distribution, primarily affected by available 5 
resources and sufficient ambient temperatures. Temperatures and the availability of 6 
resources primarily influence the distribution, activity and abundance of R. dominica 7 
throughout south east Queensland. This information should be used in developing an 8 
appropriate management strategy focused on minimising the risk of infestation of 9 
bulk wheat storages. 10 
 11 
Developing a management strategy for R. dominica in south east Queensland 12 
 13 
Successful management of insect species in agricultural landscapes should be 14 
based on the ecology of the target species and should involve the control of the 15 
species at the appropriate spatial scales (Helenius 1997, Carrière, Ellsworth et al. 16 
2006, Duyck, Dortel et al. 2012). Current control of R. dominica typically relies on 17 
calendar based applications of insecticide to grain storage structures (Campbell and 18 
Arbogast 2004).  It has been suggested that the economic benefits of insecticide use 19 
needs to be considered carefully as this type of practice can lead to higher levels of 20 
re-colonization in not only the disturbed habitat but also nearby undisturbed habitats, 21 
therefore leading to greater overall pest damage (Trumper and Holt 1998). This type 22 
of control represents a storage focused approach however current results suggest that 23 
R. dominica are capable of persisting beyond these structures. Continual infestations 24 
of R. dominica within the Australian northern grain growing region indicate that the 25 
use of fumigation and insecticide application may be ineffective. 26 
 27 
The current study has demonstrated that R. dominica populations are primarily 28 
affected by ambient temperatures and resource availability. Based on the effects of 29 
these factors, a two-dimensional theoretical model can be constructed that may help 30 
to indicate when and where population outbreaks are most likely to occur under a 31 
given set of conditions (Figure 27). For example if populations are located in close 32 
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proximity (≈5Km) to grain storages, and temperatures are suitable for flight activity, 1 
grain storage infestations are likely. In contrast, grain storages which are filled 2 
during colder periods would less likely be subject to infestations of R. dominica. 3 
 4 
 5 
 6 
 7 
 8 
Based on the ecology of R. dominica described in this study, management 9 
strategies should be considered in the context of the broader landscape. Current 10 
management of R. dominica is storage focused, however a control strategy or set of 11 
strategies aimed at managing this species should be applied at the landscape scale. 12 
Whilst it is not feasible to use fumigation control methods in outdoor environments 13 
(i.e. beyond storage facilities), other studies have highlighted potential control 14 
strategies for insects occurring across broad spatial scales. Behavioural manipulation 15 
methods could represent one approach used to manage R. dominica at the landscape 16 
scale. An example of this type of control is the ‘attract and annihilate’ method which 17 
is widely used for insect pest management (Foster and Harris 1997). This method 18 
relies on the establishment of stimuli to attract R. dominica away from the valued 19 
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Figure 26. Theoretical model representing the likelihood of infestation of stored wheat by R.
dominica at the landscape scale. Likelihood of storage infestation calculated with reference to
temperatures and available food resources.
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commodity (stored wheat) and into a site where they can be removed from the 1 
environment (Foster and Harris 1997). This type of control has been successful in 2 
long term, wide spread management of the highly dispersive codling moth Cydia 3 
pomonella (Charmillot, Hofer et al. 2000) as well as several species of bark beetles 4 
including the western pine beetle, Dendroctonus brevicomis and the European elm 5 
bark beetle Scolytus multistriatus (El-Sayed, Suckling et al. 2006). Given the 6 
response of R. dominica to pheromones and odours, this type of lure and kill 7 
approach could be utilised to help control the impacts of this species. Mass trapping 8 
and mating disruption are also common control strategies that are typically integrated 9 
with other approaches for the management of highly mobile, broad ranging insect 10 
species (El-Sayed, Suckling et al. 2006). 11 
 12 
In addition, given the response of R. dominica to temperatures, one of the main 13 
drivers of activity, altering the timing of harvest and filling of grain storages to occur 14 
when ambient temperatures are below specific threshold levels may represent a 15 
management approach aimed at minimising the potential of storage infestation. 16 
Whilst this may seem unfeasible given growing conditions typically dictate when 17 
crops are harvested, recent advances in the development of hybrid wheat varieties 18 
make this a possibility (Richards 1991, Condon, Richards et al. 2004). 19 
 20 
Utilising unfavourable conditions 21 
Results suggest that Rhyzopertha dominica exhibit high abundances and 22 
activity in grain habitats particularly when air temperatures are within a suitable 23 
range for increased flight and bulk stored wheat available. The current study shows a 24 
dramatic increase in trap captures around grain storages just prior to harvest, during 25 
October and November 2011. Trap captures than begin to decline following harvest 26 
during December and January 2012. The conspicuous rise in trap captures just prior 27 
to harvest also coincides with a rise in ambient temperatures and it appears that 28 
temperatures, coupled with abundant wheat resources lead to increased activity and 29 
abundance, increasing the chances of storage infestation. Temperatures continue to 30 
rise even after the decline in trap captures suggesting that both abundant field wheat 31 
and suitable temperatures are required to increase levels of activity and abundance.  32 
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In order to reduce the impact that R. dominica may have on stored wheat it could be 1 
argued that harvesting wheat crops during the colder period of the year may result in 2 
less insect activity when the time storage facilities are being filled and subsequently 3 
less chance of infestation of storage facilities.  4 
 5 
Throughout grain growing regions of south east Queensland, wheat is planted 6 
during the winter months of May and June and harvested when ambient temperatures 7 
are increasing around November and December. Harvesting wheat during winter 8 
months in south east Queensland would necessitate a shift in agricultural practices 9 
and would require that wheat be planted during the summer months and therefore 10 
harvested during winter months, when insect activity is at a minimum. Bringing the 11 
harvest time forward even just 2 or 3 months may be all that is required to 12 
significantly reduce the chances of high levels of activity occurring during harvest.  13 
 14 
Current practices are carried out in accordance with the typical weather 15 
patterns experienced throughout south east Queensland however there is a possibility 16 
that the timing of practices such as planting and harvesting may be altered with 17 
newer technologies. Recent research has proposed the establishment of hybridised 18 
wheat crops, designed to cope with regional climate trends (Bell, Wade et al. 2006). 19 
One of the concerns with planting wheat during summer months, in order to be 20 
harvested during winter, is the high soil moisture content as a result of increased 21 
summer rainfall in tropical areas. An increased capacity for reducing soil moisture 22 
levels and reducing groundwater recharge have been two of the benefits associated 23 
with the uptake of hybridised, perennial crops of wheat  in Australian wheat cropping 24 
systems (Bell, Wade et al. 2006). This type of innovation represents one aspect of 25 
considered pest management which may reduce the risk of R. dominica infesting 26 
grain storages. 27 
 28 
It is unlikely that growing seasons could be changed to the degree required to 29 
avoid all potential infestations of R. dominica in wheat storages, especially as year 30 
round captures of R. dominica can occur in throughout some areas of the Darling 31 
Downs (Daglish, Ridley et al. 2010). There are other control strategies that may also 32 
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be applied in conjunction with the use hybridised wheat varieties. Fields (1992) has 1 
reported on the use of ice nucleating bacteria as a possible means for reducing the 2 
ability of R. dominica to tolerate cold conditions. Cases involving the use of ice 3 
nucleating bacteria to increase pest mortality has been demonstrated to be effective 4 
with other stored grain pests including the red rust flour beetle Cryptolestes 5 
ferrugineus (Fields 1993). This study demonstrated that pest mortality due to cold 6 
stress was increased in large scale (100 tonne) grain storages due to the application 7 
of ice nucleating bacteria. 8 
 9 
Whilst the implementation of management strategies may not be entirely 10 
effective on their own, the strategies outlined here would be most beneficial when 11 
established as part of an integrated approach to managing R. dominica throughout 12 
south east Queensland. In conjunction with other strategies such as chemical or non 13 
chemical storage fumigation, the removal of insects from the broader environment 14 
and harvesting wheat when conditions are unsuitable for flight activity, could form 15 
the basis of an integrated approach aimed at reducing the impacts of R. dominica on 16 
stored wheat. An integrated approach may provide growers with the opportunity to 17 
achieve long term management of R. dominica throughout south east Queensland. 18 
   19 
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